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SOMMAIRE 
Depuis les 50 dernieres annees, une pression de productivity considerable est exercee par 
l'industrie sur les agro-ecosytemes qui se doivent de subvenir aux besoins d'une population 
toujours grandissante. Par le biais des modifications du paysage ainsi que par des 
transformations chimiques, genetiques et mecaniques, les cultivateurs ont maximise le 
rendement de chaque parcelle agricole. Cette intensification des pratiques est a present pointee 
du doigt comme responsable du declin de nombreuses especes, notamment aviaires. Entres 
autres, le declin des insectivores aeriens semble lie a l'utilisation accrue de pesticides et de 
fertilisants. Dans un milieu ou les ressources sont limitees, comme dans les milieux intensifs, 
la competition serait un autre facteur responsable des variations en effectifs des populations. 
Cependant, ces mecanismes sont souvent etudies independamment, alors qu'il est difficile de 
decoupler les multiples facteurs responsables du declin d'une espece. Dans ce memoire nous 
avons etudie ces deux questions conjointement en evaluant Pinfluence de 1'intensification 
agricole sur le Moineau domestique (Passer domesticus), et les interactions competitives de ce 
dernier avec l'Hirondelle bicolore (Tachycineta bicolore). Tout en prenant en compte la 
probability de detection, nous avons analyse 5200 minutes de points d'ecoute pour determiner 
l'abondance de moineaux et ce sur 40 fermes du Quebec meridional echelonnees dans un 
gradient d'intensification agricole. Nos resultats montrent que l'abondance de moineau est 
positivement influencee par les facteurs agro-intensifs (i.e. milieux intensifs, densite de 
batiments et de betail). Aussi, nous avons illustre a 1'aide de modeles statistiques que la 
competition interspecifique etait un determinant de l'occupation des nichoirs par 1'hirondelle. 
Ainsi, la structure du paysage influence de fa$on diametralement opposee le moineau et 
1'hirondelle, tout en exacerbant la pression de competition entre ces deux especes. Ces 
resultats iliustrent 1'importance du role preponderant des modifications anthropiques sur les 
especes des milieux agricoles et sur leurs relations interspecifiques, tout en faisant la lumiere 
sur 1'ecologie de 2 especes en declin. 
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INTRODUCTION GENERALE 
Changements agricoles: le contexte 
Pour subvenir aux besoins d'une population toujours croissante, l'humain a considerablement 
modifie le paysage agricole, et cette tendance ne semble aucunement s'attenuer (Guo et al., 
2010; Vitousek et al., 1997). Entre autres transformations, la surface de terres cultivees a 
augmentee de 466% depuis les annees 1700 (Meyer & Turner, 1992). Aussi, la « Green 
Revolution » adoptee mondialement dans les annees 1960, caracterisee par une modernisation 
des techniques et par la modification genetique des cultivars utilises, a grandement contribue a 
l'augmentation massive de production cerealiere (Duvick & Cassman, 1999; Khush, 1995; 
Khush, 2001; Krebs et al., 1999; Matson et al., 1997). En 40 ans, celle-ci a atteint 2 milliards 
de tonnes, ce qui contraste avec la periode de 10 000 ans requise pour atteindre le premier 
milliard de tonnes (Khush, 2001). Par contre, ce qui est vu par certain comme un succes 
technologique, environnemental et societal (Conway & Toenniessen, 1999), cache aussi son 
lot de consequences nefastes, et le prix a payer pour les ecosystemes est grand (Tilman, 1998). 
Une pression considerable a ete generee sur l'industrie pour la rendre plus efficace et plus 
productive. Notamment, des types de cultivars a haut rendement, de la machinerie 
sophistiquee, une utilisation accrue de pesticides et de fertilisants, une modification des 
periodes de recoltes, une perte des rotations de cultures traditionnelles, un drainage excessif 
des terres et une destruction des habitats marginaux sont tous au nombre de ces modifications 
pro-rendement (Belanger & Grenier, 2002; Jobin et al., 1994; Matson et al., 1997; McLaughlin 
& Mineau, 1995). Ces innovations ont entrame un nombre important de changements 
environnementaux qui ont eventuellement transforme les mosai'ques heterogenes et diverses 
des terres souvent dediees a la culture laitiere (culture extensive) en paysages vastes 
representes par des monocultures cerealieres telles que le mais et le soya (cultures intensives). 
Au Canada, 85% des terres agricoles sont maintenant administrees de fa?on intensive (Jobin et 
al., 2005). Consequemment, cette sculpture agro-intensive des ecosystemes se repercute sur 
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les processus ecologiques regissant les milieux affectes, ceux s'y avoisinants et evidemment, 
influence la faune y habitant. 
Changements agricoles : les impacts 
En simplifiant les ecosystemes, 1'intensification de l'agriculture a eu un impact non-equivoque 
sur la biodiversite (Chapin et al., 2000; Donald et al., 2001; Mensing et al., 1998; Tscharntke 
et al., 2005). De fait, plusieurs processus ecologiques sont affectes tant au niveau de l'individu 
(Brickie et al., 2000; Chamberlain et al., 2009; Phillips & Alldredge, 2000; Robinson et al., 
1995; Trombulak & Frissell, 2000), que des populations (Boatman et al., 2004; Fischer et al., 
2011; Shaw et al., 2008) et des communautes (Lopez-Flores et al., 2009; Marzluff et al., 2007; 
Rodewald et al., 2011; Roy et al., 2004). Outre les impacts sur la biodiversite, l'expansion de 
« l'agriculture industrielle » est aussi pointee du doigt comme facteur cle dans le declin de 
nombreuses especes (Chamberlain et al., 2000; Donald et al., 2001; Vickery et al., 2001) y 
compris: les arthropodes (Evans et al., 2007; Hendrickx et al., 2007; Schekkerman & 
Beintema, 2007), les oiseaux (Bradbury et al., 2000; Brickie et al., 2000; Chamberlain et al., 
2000; Newton, 2004) et les petits mammiferes (Aschwanden et al., 2007; Michel et al., 2006). 
Selon le rapport sur le statut des oiseaux du monde (Bird Life International, 2008), une espece 
d'oiseaux sur huit est menacee d'extinction. L'index de la liste rouge des oiseaux, base sur le 
mouvement des especes a travers les categories de l'Union Internationale pour la Conservation 
de la Nature (UICN), montre que le statut des especes d'oiseaux s'est deteriore de fa9on 
constante depuis 20 ans, ce qui renforce l'idee que ce groupe est tres affecte globalement. De 
toutes les activites anthropiques mena9ant les populations aviaires (e.g. les coupe a blancs, la 
chasse, le piegeage, le developpement residentiel et commercial, 1'industrie de l'energie et 
miniere), l'agriculture est la menace premiere expliquant le declin de ces populations (Bird 
Life International, 2008). D'ailleurs, quoique plusieurs groupes d'oiseaux soient sujets a des 
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diminutions d'effectifs, des etudes a long termes ont montre que les populations d'oiseaux 
champetres (vivant et se reproduisant en milieu agricole) declinaient a un taux plus rapide que 
tout autre groupe d'oiseaux (Askins, 1999; Donald et al., 2001; Eaton et al., 2007; Murphy, 
2003; Sauer et al., 2011). De fa9on generate, ces declins ont ete attribues a une baisse des 
ressources alimentaires et de nidification (e.g. Boatman et al., 2004; Hart et al., 2006; Newton, 
2004) ainsi qu'aux changements de structure et d'utilisation du paysage (e.g. Robinson et al., 
2001; Wretenberg et al., 2007). Tous ces changements sont en lien avec la montee de 
1'intensification des pratiques agricoles (Chamberlain et al., 2000; Donald et al., 2001; 
Peteijohn & Sauer, 1999). 
Des declins inquietants sont aussi observes dans la guilde des insectivores aeriens, oiseaux qui 
se nourrissent principalement d'insectes volants (Nebel et al., 2010; Sauer et al., 2011). 
Considerant la diversite d'habitats utilises par ces especes, le facteur expliquant simultanement 
ces declins serait vraisemblablement I'insuffisance de ressources alimentaires (i.e. insectes; 
Benton et al., 2002; Evans et al., 2007). L'utilisation accrue de pesticides dans les milieux 
intensifs est generalement la cause invoquee pour mettre de l'avant une telle insuffisance 
(Benton et al., 2002). Conjointement, la destruction des habitats marginaux (e.g. haies brise-
vent, milieux humides, friches), pour maximiser l'utilisation de l'espace, a grandement 
contribue a reduire la disponibilite de sites de nidification et de cavites (Holroyd, 1975; 
Stutchbury & Robertson, 1985). Malgre que les diminutions du nombre de proies volantes et 
du nombre de sites de nidification potentiels soient bien reconnues dans la litterature, il est 
difficile d'identifier avec precision les facteurs responsables du declin d'une espece en 
particulier, car ils sont fort probablement non-exclusifs et additifs. Les effets causes par le 
paysage pourraient avoir ainsi un tres large spectre d'action sur les especes des milieux 
champetres, comme des effets multi-trophiques, qu'ils soient con-trophique (e.g. competition) 
ou heterotrophique (e.g. predation). Plusieurs auteurs ont etudie l'influence d'une modification 
specifique du paysage (e.g. fragmentation, intensification, perte d'habitat) sur une espece 
particuliere, mais tres peu se sont penches sur les impacts combines de ces modifications sur 
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les interactions multi-especes. II est done pertinent d'evaluer les dynamiques interspecifiques 
dans les habitats alteres par 1'homme de maniere multifactorielle. 
Nombre d'etudes se sont penchees sur les effets negatifs de 1'intensification agricole sur les 
especes aviaires (Brickie et al., 2000; Donald et al., 2001; Ghilain & Belisle, 2008; Wilson et 
al., 1999). Neanmoins, certaines etudes rapportent que quelques especes ont plutot ete 
favorisees par ces modifications. Par exemple, les populations de Goeland a bee cercle (Larus 
delawarensis) et de Pigeon Biset (Columbia livia) ont augmente respectivement de 450% et 
192% entre les annees 1966 et 1992 en milieux agro-intensifs au Quebec (Jobin et al., 1996). 
De meme, les terres arables intensives sont preferees par le Pluvier dore (Pluvialis apricaria) 
durant les arrets migratoires (Lindstrom et al., 2010). Dans la presente etude, nous nous 
interessons a l'influence de Pintensification agricole sur une espece potentiellement favorisee 
par les cultures agro-intensives, le Moineau domestique (.Passer domesticus), et les 
interactions competitives de ce dernier avec l'Hirondelle bicolore (Tachycineta bicolor), qui 
est, au contraire, tres probablement victime de ces pratiques agricoles modernes. 
Le Moineau domestique 
Habitat 
Pouvant produire jusqu'a quatre nichees par annee, le Moineau domestique niche 
preferablement sur les batiments construits par 1'homme, mais utilise aussi les nichoirs et 
occasionnellement les arbres et arbustes (Lowther & Cink, 2006; Summers-Smith, 1963). Sa 
nature agressive et son statut de resident lui conferent des avantages marques 
comparativement aux especes migratrices, specialement en termes de preseance d'occupation 
des sites de nidification. Le Moineau domestique est capable d'evincer et d'usurper les sites de 
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nidification d'autres especes (Gowaty, 1984; Lindell, 1996; Lowther & Cink, 2006; Newton, 
1998; Summers-Smith, 1963; Wootton, 1987), ce qui en fait un competiteur pour plusieurs 
especes (e.g. Merlebleu de l'Est Sialia sialis, Gowaty, 1984; Roselin familier Carpodacus 
mexicanus, Wootton, 1987, Bennett, 1990; Moineau friquet Passer montanus, Cordero and 
Senar, 1990; Hirondelle bicolore, Robertson et al., 2011). 
Diete 
Le Moineau domestique est un granivore se nourrissant principalement de graines herbacees et 
de cereales (e.g. mai's, avoine, ble). En milieu rural, il s'alimente autant de grains sauvages que 
domestiques, particulierement ceux destines aux animaux de ferme (Lowther & Cink, 2006) et 
ce, en plus de fourrager les grains non-digeres dans les feces de ceux-ci. Moins frequemment, 
les adultes chassent les insectes au sol. Cependant, en periode de reproduction, les oisillons 
sont alimentes presqu'exclusivement d'arthropodes (Lowther & Cink, 2006; Mock et al., 
2009). 
Contexte et statut 
Le Moineau domestique, est un passereau non-migrateur en Amerique du Nord. Introduit a 
New York, E-U, dans les annees 1850, le moineau a rapidement elargi sa distribution a 
l'ensemble de PAmerique du Nord et en Amerique centrale (Lowther & Cink, 2006; Sibley, 
2007). Son association avec l'humain, specifiquement par sa preference pour les batiments 
anthropiques, ainsi que son adaptation rapide aux nouveaux environnements expliqueraient le 
succes de son etablissement (Martin & Fitzgerald, 2005; Summers-Smith, 1963). Le moineau 
est considere comme espece synanthrope (i.e. beneficiant des habitats modifies par Phomme; 
Johnston, 2001) et sa dependance est souvent qualifiee de commensalisme obligatoire 
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(Anderson, 2006; Ericson et al., 1997; Tsurim et al., 2008). Malgre que le Moineau 
domestique demontre des reponses positives aux changements anthropiques modernes et 
semble omnipresent, les populations de Moineau domestique ont diminuees recemment et 
mondialement de fa£on inquietante. En Amerique du Nord, ces declins se traduisent par des 
diminutions de 80% aux Etats-Unis, (Sauer et al., 2011) et de 75 % au Canada depuis 45 ans 
(Canadian Wildlife Services, 2011a) ainsi qu'un declin de 90% dans les provinces maritimes 
(Erskine, 2006). En Europe, les diminutions sont aussi marquantes: 36% en France en 40 ans 
(Galinet, 2003 in Vincent, 2005), 50% en Allemagne de 1988 a 1998 (Mitschke et al., 1999), 
60% en Angleterre depuis 40 ans et 70% en Espagne dans les 10 dernieres annees (Murgui & 
Macias, 2010). 
Subsequemment a une diminution de population de 60% depuis 1969,1'Angleterre a inclut le 
Moineau domestique a la liste rouge des especes preoccupantes du Royaume-Uni (i.e. Species 
of European concern in the UK; Eaton et al., 2009). Cette espece est aussi protegee par le 
Wildlife and Countryside Act 1981 depuis 2005 (RSPB, 2011). Cependant, le Moineau 
domestique est souvent considere comme une peste et une nuisance par plusieurs (Lowther & 
Cink, 2006; Plesser et al., 1983; Summers-Smith, 2005). Par exemple, certaines etudes 
suggerent que I'etalement du Moineau domestique ait ete nefaste en causant non seulement 
des pertes economiques importantes sur les terres cultivees aux Etats-Unis (Royall, 1969), en 
Nouvelle Zelande (Dawson, 1970), et en Europe (O'Connor, 1986; voir aussi les references 
dans Clergeau 2004), mais aussi le declin de diverses especes indigenes (MacGregor-Fors et 
al., 2010). Ainsi, l'interet de recherche pour cette espece est grand et justifie, non seulement 
car nous connaissons encore peu son ecologie en milieu agricole, mais aussi car le declin de 
chaque espece peut se reveler un indicateur important de la sante des ecosystemes. 
A la lumiere de ces informations, il est fort probable que la biologie du Moineau domestique, 
notamment sa diete generaliste et sa distribution fortement associee aux structures 
anthropiques, lui confere des avantages dans un environnement modifie par 1'homme, comme 
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les milieux agro-intensifs. Bien que de nombreuses etudes portent sur differents aspects de la 
biologie du Moineau domestique (e.g. traits d'histoires de vie : Griffith, 2000 ; Jensen et al., 
2004; comportement: Lendvai et al., 2011 ; Schwagmeyer et al., 2002; succes reproducteur : 
Peach et al., 2008 ; Ringsby et al., 2009), encore peu se sont interesses a l'ecologie de cette 
espece en milieu rural Nord Americain. 
L'Hirondelle bicolore 
Habitat 
L'Hirondelle bicolore est un passereau migrateur de taille moyenne (~20 g; Sibley, 2007) se 
reproduisant typiquement dans les milieux ouverts tels que les pres, les champs, les marais et 
preferablement a proximite de zones humides (Robertson et al., 2011). Elle est cavernicole et 
depend des pics et des humains) pour creuser ses cavites de nidification. Cependant, la 
selection d'un site de nidification peut representer un defi. En milieu intensif, le deboisement 
important des zones marginales pour 1'exploitation maximales des surfaces cultivables font 
des cavites un facteur tres limitant pour la reproduction. Par consequent, cette rarete entrafne 
les individus a competitionner pour cette ressource, tant au niveau intra-specifique (Dunn & 
Hannon, 1991; Holroyd, 1975; Male et al., 2006), qu'inter-specifique (Meek & Robertson, 
1994; Rendell & Robertson, 1990). De plus, l'Hirondelle bicolore est une espece relativement 
philopatrique (Shutler & Clark, 2003; Winkler et al., 2004), ce qui peut contribuer a amplifier 
la pression de competition pour les ressources de nidification. 
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Diete 
L'Hirondelle bicolore se nourrit d'insectes volants, principalement de l'ordre des Dipteres et 
des Odonates (voir table 1. dans Robertson et al., 2011 pour la liste complete des etudes sur 
Falimentation de l'Hirondelle bicolore), tout comme l'alimentation de leurs oisillons 
(McCarty & Winkler, 1999; Robertson et al., 2011). L'abondance d'insectes volants risque 
done d'etre un element cle dans la selection de l'habitat de nidification pour la survie de 
l'Hirondelle mais aussi pour le nourrissage des jeunes. 
Contexte et statut 
Depuis 1980, les populations d'Hirondelle bicolore sont en declin a travers 1'Amerique du 
Nord (Nebel et al., 2010; Sauer et al., 2011). Plus specifiquement, au Canada, ces populations 
ont diminuees en moyenne de 2.8% par annee dans les 20 dernieres annees (1989-2009; p < 
0.05, Canadian Wildlife Services, 2011b) , et de 4.2% par annee dans la province de Quebec 
(1989-2009; p < 0.05, Canadian Wildlife Services, 2011b) . Ces diminutions coi'ncideraient, 
selon plusieurs auteurs, au declin des populations d'insectivores aeriens et seraient etroitement 
liees aux changements dans les pratiques agricoles contemporaines (Ambrosini et al., 2002; 
Moller, 2001; Nebel et al., 2010; Vickery et al., 2001; Wakelin & Hill, 2007). En analysant les 
associations cultures-insectes-oiseaux, Benton et al. (2002) ont constate que 1'intensification 
agricole affectait les oiseaux a travers les changements d'abondance et/ou de qualite des 
ressources alimentaires. lis proposent que les mecanismes probablement en cause incluent tout 
d'abord l'utilisation de pesticides, qui reduit directement le nombre d'insectes ou qui 
eliminent leurs plantes hotes. (Aebischer, 1990; de Snoo, 1999; Morris et al., 2005). Cette 
intensification agricole serait aussi responsable pour 1'elimination d'habitats marginaux non-
cultives tels que les haies brises-vent, servant de lieux d'alimentation, de nidification et de 
refuges pour nombre d'animaux (Fournier & Loreau, 1999; Newton, 2004). Troisiemement, 
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ces modifications engendreraient aussi I'homogeneisation des terres cultivees qui supporterait 
une moins grande diversite et abondance d'arthropodes (Benton et al., 2002). Ainsi, les 
milieux extensifs fourniraient une plus grande quantite de proies que les milieux intensifs 
grace a la composition et la structures des zones cultivables, a leur gestion (intensive ou 
extensive) et a la proximite des habitats marginaux (Benton et al., 2002). D'ailleurs, de recents 
resultats obtenus le long d'un gradient d'intensification agricole du Sud du Quebec, Canada, 
suggerent que les Hirondelle bicolore sont exposees a des quantites equivalentes de nourriture 
dans les milieux intensifs et extensifs durant la periode pre-eclosion, mais que ces conditions 
different une fois les oisillons eclos, ou une quantite moins importante d'insectes est 
disponible en milieux intensifs. Ainsi, une composante temporelle de la selection d'habitat par 
les hirondelles pourrait mener a une «trappe ecologique» et influencerait le succes 
reproducteur des individus « pris au piege » dans un habitat arborant moins de ressources 
alimentaires que presagees. (Rioux-Paquette & Belisle, 2011). 
Le long du meme gradient d'intensification agricole, Ghilain & Belisle (2008) ont egalement 
montre que le nombre d'oisillons a l'envol etait deux fois et demie moins eleve en milieu 
intensif et que 1'occupation des nichoirs par les Hirondelle bicolore diminuait en fonction de la 
superficie relative occupee par les cultures intensives. De plus, malgre que les oisillons 
atteignaient la meme masse a l'envol, la croissance des oisillons etait plus lente dans les zones 
cultivees intensivement et ce, malgre que les parents passaient moins de temps a l'interieur du 
nichoir et done possiblement en quete de nourriture (Lamoureux, 2010). En somme, ces 
resultats illustrent les impacts negatifs des transformations anthropiques en milieux agricoles 
sur differents aspects de la biologie de l'Hirondelle bicolore de meme qu'une portion des 
differents defis auxquels doivent faire face les especes champetres. 
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L'Hirondelle bicolore comme modele d'etude 
L'Hirondelle bicolore, tout comme le Moineau domestique, est une espece modele fort 
documentee. Facile a manipuler, et se reproduisant volontiers dans les nichoirs, cette espece 
est reconnue aujourd'hui comme une des especes les plus etudiees en Amerique du Nord 
(Jones, 2003). De plus, l'Hirondelle bicolore a ete utilisee comme bioindicateur de polluants et 
contaminants (e.g. PCB, DDE, mercure) que les individus bioaccumulent lorsqu'ils sont 
exposees a ces composes chimiques par l'ingestion d'insectes se retrouvant dans les eaux et 
les champs contamines (Brasso & Cristol, 2008; Dods et al., 2005; Mayne et al., 2005; 
Robertson et al., 2011). Conjugues aux resultats precedents sur l'ecologie de l'Hirondelle 
bicolore, ces informations mettent en lumiere l'importance des etudes de l'impact de 
l'intensification agricole sur la biologie de cette espece. Malgre tout, nous en savons encore 
peu sur les determinants de la selection de l'habitat et sur les impacts de la competition 
interspecifique chez l'Hirondelle bicolore, dont les populations chutent de fa?on inquietante. 
La competition interspecifique 
La competition est une force majeure dans les processus ecologiques qui faciliterait entre autre 
la divergence des especes (Dieckmann & Doebeli, 1999; MacArthur, 1972; Wiens, 1989) 
comme dans l'exemple bien connu des Pinsons de Darwin (Geospiza fortis et G. magnirostris; 
Grant and Grant, 2006; Lack, 1947). Schluter (1992) a aussi demontre 1'influence de la 
competition pour les ressources alimentaires dans la divergence des Epinoche a trois epines 
{Gasterosteus aculeatus) dans le detroit de Georgie en Colombie-Britannique. La competition 
menacerait aussi la biodiversite dans certaines conditions (Davis, 2003; Lehman & Tilman, 
2000; Newton, 1998), en plus de sculpter la structure des communautes (MacGregor-Fors et 
al., 2010; Sanders et al., 2003; Wiens, 1989). Par exemple, dans les communautes d'especes 
cavernicoles, la disponibilite des cavites pour les nicheurs secondaires est une ressource 
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limitee par l'abondance de nicheurs primaires qui excavent ces cavites (Martin & Eadie, 
1999). Ainsi, ces communautes sont structurees par la competition a deux niveaux : soit entre 
especes excavatrices (nicheurs primaires), par la disponibilite des arbres preferes pour leurs 
caracteristiques d'excavation, soit entre nicheurs secondaires pour les cavites excavees par les 
nicheurs primaires.. 
Les nicheurs en cavites dependent ainsi du nombre de cavites disponibles, mais aussi de la 
structure de la vegetation. Analogues aux reseaux trophiques, ces communautes sont 
structurees hierarchiquement et une interdependance majeure existe entre ses membres 
(Martin & Eadie, 1999). Ainsi, des modifications a la structure du paysage, ressource centrale 
comparable aux producteurs primaires d'une chaine alimentaire, pourraient avoir des impacts 
a travers toute la communaute. Plusieurs etudes ont aussi demontre I'influence de la structure 
du paysage sur la competition intra- et inter-specifique dans les communautes cavernicoles. 
Dans la vallee de Beaverfoot en Colombie-Britannique, le stade de succession de la foret 
influence la presence de nicheurs secondaires (Holt & Martin, 1997). Chez les especes non-
aviaires, Holzschuh et al. (2010) ont demontre que les modifications a la composition et a la 
configuration engendrees par l'utilisation intensive du paysage agricole reduirait la qualite 
de 1'habitat de colonisation des nids par les abeilles, les guepes et leurs parasitoi'des. En 
somme, la configuration du paysage a large echelle (e.g. proximite entre habitats de 
nidification et d'alimentation: Lawler and Edwards, 2002a,b; orientation d'une parcelle 
d'habitat par rapport aux trajectoires migratoires, Gutzwiller and Anderson, 1992) et a echelle 
plus fine (e.g. caracterisation du site excave: Gutzwiller and Anderson, 1987) ainsi que les 
interactions biologiques (e.g. competition : Wiebe, 2003; Dobkin et al., 1995) sont des facteurs 
determinants de 1'ecologie des especes cavernicoles. 
En plus de nicher dans des milieux homogeneifies par les systemes agro-intensifs, les nicheurs 
secondaires comme l'Hirondelle bicolore sont plus vulnerables a la competition pour les sites 
de nidification, etant dependant des excavateurs de cavites. Ghilain et Belisle (2008) ont 
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observe que l'occupation des nichoirs par les Hirondelle bicolore est plus faible a proximite 
des batiments, offrant refuges, nourriture et sites de nidification aux competiteurs, les 
Moineaux domestiques. lis suggerent done qu'en plus de I'influence du paysage agricole, la 
competition pour les cavites de nidification soit egalement un enjeu dans la selection de 
I'habitat de l'Hirondelle bicolore. Quoique la competition pour les ressources de maniere 
generate soit un sujet largement documente (Charter et al., 2010; Finch, 1990; Gustafsson, 
1987; Minot & Perrins, 1986; Wiens, 1989), 1'ecologie du Moineau domestique en Amerique 
du Nord et l'importance de la competition entre ce dernier et l'Hirondelle bicolore demeurent 
peu connues. Par ailleurs, le Moineau domestique occupe une proportion croissante des 
nichoirs installes pour une etude longitudinale sur l'Hirondelle bicolore au sein d'un gradient 
d'intensification agricole dans le Sud du Quebec, Canada (fig.l; voir Ghilain et Belisle 2008), 
ce qui offre une opportunity unique d'etudier non seulement la competition interspecifique 
entre ces deux especes mais aussi I'influence de Pintensification du paysage sur ces ceux-ci et 
sur leurs interactions. Connaitre les determinants de l'abondance et de la distribution a petite 
et grande echelle du Moineau domestique permettra d'approfondir nos connaissances sur la 
pression de competition pour les sites de nidification qu'il cree dans ces environnements. 
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Figure 1. Occupation annuelle des 400 nichoirs installes au sein d'un gradient d'intensification 
agricole du Sud du Quebec, Canada, pour l'Hirondelle bicolore (ligne noire pleine) et pour le 
Moineau domestique (ligne noire pointillee). Les nichoirs vides sont representes par la ligne 
pointillee grise. 
Buts de I'etude et hypotheses 
Un defi majeur en ecologie du paysage est de distinguer les nombreux effets potentiels que le 
paysage peut avoir sur les differents processus ecologiques. L'intensification agricole est 
souvent complexe, definie de fa?on imprecise et implique de multiple composantes 
interdependantes (Chamberlain et al., 2000) qui peuvent se confondre si les facteurs impliques 
sont analyses independamment (Newton, 2004). Cependant, tres peu d'etudes ont analyse les 
repercussions que le paysage pouvait avoir sur l'abondance d'espece et les interactions 
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biologiques concernees. Cette etude comporte deux objectifs. Dans un systeme d'etude de 400 
nichoirs distribues au sein d'un gradient d'intensification agricole, j'evaluerai, premierement, 
les determinants de l'abondance des Moineau domestique dans les milieux agricoles du Sud 
du Quebec. Deuxiemement, je quantifierai I'influence de la structure du paysage et de la 
competition interspecifique des Moineau domestique sur l'occupation de nichoirs d'une 
population d'Hirondelle bicolore. Plusieurs hypotheses sont envisageables. A ce titre, la figure 
2 illustre les interactions probables dans le systeme d'etude utilise. L'intensification agricole 
peut avoir des effets directs sur l'abondance du Moineau domestique et de l'Hirondelle 
bicolore ((T)). Indirectement, ces alterations anthropiques peuvent aussi affecter leurs 
abondances soit par la disponibilite en ressources alimentaires (i.e. insectes pour l'hirondelle 
et les jeunes moineaux, grains pour les moineaux adultes), soit par la disponibilite des sites de 
nidification (i.e. cavites pour les hirondelles, batiments pour les moineaux; (2)). Je pose tout 
d'abord l'hypothese que l'intensite du paysage agricole influencera positivement l'abondance 
de Moineaux domestiques de par la densite de batiments de fermes plus eleves en milieux 
intensifs et par la disponibilite de ressources alimentaires (plus grandes quantite de grains 
distribues aux animaux de ferme ainsi que de grains vegetaux). Aussi, je pose l'hypothese que 
l'occupation des nichoirs par l'Hirondelle bicolore sera plus grande en milieu extensif ou la 
densite d'arthropodes serait plus importante qu'en milieu intensif par une utilisation moindre 
des pesticides et fertilisants. Base sur les resultats precedents de 1'impact de 1'intensification 
agricole sur 1'ecologie de l'hirondelle (Ghilain & Belisle, 2008; Lamoureux, 2010) ainsi que 
des observations de competition interspecifique avec le Moineau domestique, je predis que la 
presence et l'abondance du Moineau domestique influencera negativement l'occupation des 
nichoirs par l'hirondelle. En somme, la competition interspecifique serait exacerbee par le 
paysage. A notre connaissance, cette etude serait la premiere a analyser la dynamique de 
competition entre une espece potentiellement avantagee par les paysages agricoles intensifs et 
une espece defavorisee par ce meme environnement. 
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Figure 2. Schema des relations et interactions hypothetiques entre le Moineau domestique 
(MODO) et l'Hirondelle bicolore (HIBI) au sein d'un gradient ^intensification agricole du 
Sud du Quebec, Canada. Les lignes pleines illustrant les influences deja connues et 
demontrees dans la litterature. Les lignes pointillees representent les predictions apportees 
dans cette etude. 
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CHAPITRE 1 
THE SPARROW, THE SWALLOW AND THE MEADOW: 
A TALE OF LANDSCAPE-MEDIATED COMPETITION 
Robillard A, Garant D, Belisle M. 
MISE EN CONTEXTE 
L'etude presentee dans ce chapitre vise a faire la lumiere sur les effets de l'intensification des 
pratiques agricoles sur l'abondance du Moineau domestique en milieu rural, ainsi que sur la 
competition interspecifique de cette espece avec I'Hirondelle bicolore. Les auteurs de cette 
etude sont Audrey Robillard, Dany Garant et Marc Belisle. Audrey Robillard a contribue de 
fa?on majoritaire a toutes les etapes de ce projet soit: la recolte de donnees sur le terrain, la 
gestion des bases de donnees, 1'elaboration des questions de recherches, les analyses 
statistiques, 1'interpretation des resultats ainsi que la redaction de la premiere ebauche de 
l'article qui suit. Mon directeur, Marc Belisle a encadre ce projet de recherche. II a aussi 
revise toutes les versions de cet article, tout comme mon co-directeur, Dany Garant. L'article 
presente ici est le cceur de ce memoire et sera soumis a Landscape Ecology, une revue 
scientifique de calibre international. 
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ABSTRACT 
Maximizing agroecosystem yields to meet the needs of a growing human population has 
resulted in diverse negative consequences for the agrifauna. Intensification of farming 
practices is now pointed as a key actor in the population declines of many species, including 
the highly affected aerial insectivores. Moreover, where resources are limiting in intensive 
landscapes, competition also drives population changes. Although the literature acknowledges 
that many variables affect simultaneously changes in population numbers, factors are often 
studied independently. Here, we analysed the combined effects of intensification and 
competition on the abundance of House sparrows and the nest box occupancy of Tree 
swallows. We assessed the influence of agricultural intensification on House sparrows (Passer 
domesticus) and its competitive interactions with Tree swallows (Tachycineta bicolor), a 
species likely disavantaged by these farming practices. We first assessed the determinants of 
House sparrow abundance, by conducting 5200 1-minute point counts in 40 farms over a 
gradient of agricultural intensification in southern Quebec, Canada. Using N-mixture models 
to account for imperfect detection, we found that, as expected, sparrows were more abundant 
in agro-intensive systems, especially in interaction with cattle and building density. Then, we 
illustrated using mixed models that swallow nest-box occupancy was reduced by the density 
of sparrows and by proximity to buildings, that offer shelter and nest sites to sparrows. 
Therefore, landscape structure had opposite influences on these two species, exacerbating the 
competition pressure on swallows. These results highlight the important role of anthropogenic 
alterations on agro-ecosytems and illustrate a landscape-mediated avian competition pressure 
that has, to our knowledge, never been documented in farmscapes. Considering that both 
species are declining rapidly, this research emphasizes the importance of multi-factor and 
multi-species analyses to disentangle the factors of population decline. 
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INTRODUCTION 
Over the last several decades, humans have increasingly altered landscapes for economic 
development, a trend that shows no signs of deceleration (Guo et al., 2010; Vitousek et al., 
1997). To meet agricultural needs of the growing population worldwide, the surface of 
cultivated lands has increased by 466% since the 1700s. Intensification of agriculture has 
shifted farming landscapes from small heterogeneously cultivated fields (extensive cultures), 
to vast uniform monocultures (intensive cultures). In these human-altered ecosystems, 
biodiversity has been reduced (Benton et al., 2003; Chapin et al., 2000; Donald et al., 2001; 
Tscharntke et al., 2005), as a result of key ecological processes being affected at the individual 
(Brickie et al., 2000; Phillips & Alldredge, 2000; Robinson et al., 1995), population (Boatman 
et al., 2004; Fischer et al., 2011; Shaw et al., 2008) and community (Rodewald et al., 2011; 
Roy et al., 2004) levels. 
The expansion of "industrial agriculture" is recognized as a major contributor to the decline of 
several species of farmland birds (Chamberlain et al., 2000; Donald et al., 2001; Vickery et al., 
2001). Indeed, over the last decades, farmland bird populations have declined rapidly in North 
America and Europe (Donald et al., 2001; Sauer et al., 2011). Declines have also been 
observed in the guild of aerial insectivores, birds feeding mostly on flying insects (Nebel et al., 
2010). These major declines have been generally attributed to lack of food and/or scarcity of 
nesting sites (Benton et al., 2002; Evans et al., 2007). More specifically, increased use of 
pesticides in intensively managed farms has led to depleted food resources (e.g. invertebrates; 
Benton et al., 2002). At the same time, the destruction of non-cultivated parcels and marginal 
habitats for maximal land use reduced the availability of nesting sites and cavities (Holroyd, 
1975; Stutchbury & Robertson, 1985). Although decreases in invertebrate prey availability and 
loss of nesting sites in intense farmscapes have been well documented, it remains difficult to 
identify factors responsible for the decline of a given species, which are often numerous, 
interconnected, and most likely additive. Although many studies have assessed the influence 
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of a particular human alteration on the landscape (e.g. fragmentation, intensification, habitat 
loss), few studies have examined the impacts of landscape modifications on multi-species 
ecological interactions. Yet, changes in agricultural practices may have multi-trophic effects 
on both competition and predation levels. Whittingham & Evans (2004) reviewed the effects 
of landscape changes on predation risk. In intensive farmlands, predators are attracted to high 
densities of breeding birds that have been constrained in smaller areas because of habitat loss 
(Pescador & Peris, 2001), and by increased begging of starving chicks because of depleted 
food resources (Evans & Smith, 1994). Landscape structure has also influenced assemblage 
and abundance of species. Lawler and Edwards (2002a) showed that species richness and 
abundance were greater in sparsely than in densely treed meadow. As such, the size, shape, 
degree of isolation and vegetation structure of Wyoming streamside woodlands affected 
cavity-nesting bird species richness and abundance (Gutzwiller & Anderson, 1987). On the 
other hand, competition is known to shape community structure (MacGregor-Fors et al., 2010; 
Sanders et al., 2003; Wiens, 1989). For instance, nest-webs are competition-structured 
communities of cavity-nesting birds (Martin & Eadie, 1999). Primary cavity nesters play a 
crucial role at excavating cavities, later used by secondary cavity nesters. Landscape 
modifications affecting any one of the nidic levels, the equivalent of trophic levels in food 
webs, may unbalance the strong interdependencies of its members (i.e. trees, cavity excavators 
and secondary cavity nesters), leading to competition for nesting resources and limiting 
cavity-nesting populations. Landscape-mediated effects may thus have a larger spectrum of 
influence than currently supported in the literature. 
In this study, we assessed competitive interactions between House sparrows (Passer 
domesticus) and Tree swallows (Tachycineta bicolor) in an agricultural landscape. Tree 
swallows are declining throughout Eastern North America (Nebel et al., 2010): in Canada, 
they have declined by 2.8% per year in the last 20 years (1989-2009; p < 0.05, Canadian 
Wildlife Services, 2011b) and in the province of Quebec, Canada, they have declined at a 
yearly rate of 4.2% (1989-2009; p<0.05, Canadian Wildlife Service 2011b). Tree swallows 
(TRSW) are migratory passerines and secondary cavity-nesters. Typically found in meadows, 
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wetlands and other open habitats, they feed mostly on diptera (Robertson et al., 2011). Like 
other aerial insectivores, Tree swallows are impacted by changes in agricultural practices and 
land use (Ambrosini et al., 2002; Ghilain & Belisle, 2008; Moller, 2001; Poulin et al., 2010; 
Wakelin & Hill, 2007). Tree swallows readily use nest boxes, their breeding biology is well-
known, and they are easily to manipulate without risking brood desertion, which makes them 
an excellent model species to evaluate the impacts of landscape structure on avian ecology 
(Jones, 2003). 
Nesting preferences and breeding success of Tree swallows is influenced by agricultural 
intensification, probably through depletion of insects, but also potentially through competition 
for nesting sites with the introduced House sparrow (Ghilain & Belisle, 2008). House 
sparrows (HOSP) were introduced from Europe, in the United States in the 1850s and rapidly 
extended their range throughout North and Central America (Lowther & Cink, 2006; Sibley, 
2007). Yet, despite their ubiquitousness, House sparrows are presently declining worldwide. 
This species was put on the red list of Species of European concern in the UK (Eaton et al., 
2009) in 2002 after a 60% population decline. However, House sparrows are also considered 
as a pest species by many (Lowther & Cink, 2006; Plesser et al., 1983; Summers-Smith, 1988, 
2005). For example, numerous studies suggested that House sparrows cause economic losses 
and agricultural damages (Clergeau et al., 2004; Dawson, 1970; O'Connor, 1986) as well as 
native species loss (MacGregor-Fors et al., 2010). Their fierce nature and their resident status 
confer them great advantages over migrant species in regards to habitat selection through 
precedence of occupation. House sparrows can evict and kill other birds, as well as usurp their 
nests (Gowaty, 1984; Houston, 1987; Lowther & Cink, 2006; Newton, 1998; Summers-Smith, 
1963). Nesting in buildings, nest-boxes and occasionally trees and shrub, this species can 
produce up to four broods a year (Lowther & Cink, 2006). Interspecific competition for 
nesting cavities is thus likely important in the habitat selection of Tree swallows. Yet, while 
this competition has been largely documented for different species (Charter et al., 2010; Finch, 
1990; Gustafsson, 1987; Minot & Perrins, 1986), both the ecology of North American 
farmland House sparrows and the importance of their competition with Tree swallows are 
scarcely studied. Therefore, learning about the determinants of House sparrows abundance and 
distribution at small and large scale will likely provide useful insights on the competition 
pressure they are responsible for in these environments. 
Little is known on the ecology of the House sparrow in North American farmlands. 
Specifically, here we first assess the determinants of abundance and distribution of House 
sparrows over a large agricultural area in Southern Quebec, Canada. We then evaluate the 
influence of landscape features and competition from House sparrows on the nest-box use of 
Tree swallows. Various scenarios are plausible when assessing the influence of agricultural 
intensification on competition in our study system. First, agricultural intensification may have 
direct effects on the abundance of House sparrows and Tree swallows. Indirectly, anthropic 
modifications to landscape structure may also affect their abundance either by resource 
availability (i.e. insects for swallows and young sparrows, grains for adult sparrows), or by 
nesting site availability (i.e. cavities for swallows, buildings for sparrows). I hypothesize that 
intensiveness of the landscape positively influences sparrows' abundance because of greater 
building densities in agro-intensive areas and grain pool (grain fed to farm animals and vegetal 
grains). I also hypothesize that nest box occupancy by swallow be greater in extensively 
managed farms where densities of arthropods might be less affected by pesticide use. Based on 
previous results (Ghilain & Belisle, 2008; Lamoureux, 2010) and observations of interspecific 
competition events with House sparrows, I predict that the presence and abundance of 
sparrows will reduce occupancy of nest box by swallows. In short, we expect that interactions 
between the two species would be exacerbated by landscape variables. To our knowledge, this 
study is the first to assess the competition dynamics between a species potentially advantaged 
in intensely managed farmscapes, and another on that is disadvantaged in the same 
environment. 
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METHODS 
Study area 
Field work was carried out in Southern Quebec, Canada (fig. 3). Our study system comprises 
40 farms embracing an east-west gradient of agricultural intensification over 10,200 km2. On 
each farm, 10 nest boxes (400 in total) were installed in 2004 for a longitudinal study on Tree 
swallows (see Ghilain and Belisle, 2008 for details). Nest boxes were spaced by 50 m and ran 
generally in a linear fashion from the farm buildings to the fields (fig. 4), thereby acting as 
focal points for transects of bird counts (Buckland, 2001). The gradient of cultivated fields 
ranged from extensive, small-scale family farms (hayfields, pasture, fallows, livestock 
farming) surrounded by marginal habitats (wetlands, hedgerows, forest patches) to intensive, 
large-scale, continuous row crop fields (maize, soybean, and other cereals) with advanced 
mechanization, and high inputs of pesticides and fertilizers (Jobin et al., 2005). 
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Figure 3. Distribution of the 40 farms in Southern Quebec, Canada, where House sparrow 
abundance and Tree swallow nest-box occupancy were measured from 2008-2010. The 
landscape was characterized from Landsat-TM satellite images (Canadian Wildlife Services 
2004) and comprised different land types shown in the legend. Coordinates indicate the 
distance (m) from the reference point in a Lambert conformal conic projection. 
Figure 4. Linear arrangement of nest-boxes at farm #24, Saint-Pie-de-Guire, Quebec, Canada, 
used for point count transects. Nest-boxes are usually linearly arranged, although some farm 
settings limited this disposition. 
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Habitat characterization 
Characterization of the different landscape parcels was done on the field using aerial 
photographs (scale 1:40 000, Ministere des Ressources Naturelles et de la Faune 2000) and 
visual identification. Land cover types included 1) intensive cultures (corn, soy, other cereals, 
fruits and vegetables as well as other annual cultures), 2) extensive cultures (biological 
cultures, pasture, fallows, and other perennial cultures), 3) water bodies, 4) forested areas, and 
5) urban areas (buildings and roads). Information was georeferenced using ArcGIS 9.3 (ESRI, 
2008) and proportions of each type of land cover were extracted using the Python 2.7.1 
programming language (Python Software Foundation, 2010). High collinearity between 
intensive and extensive cultures (Pearson's correlation coefficient for 2008-2010: range -0.81 
to -0.84), and intensive cultures and forest cover (Pearson's correlation coefficient for 2008-
2010: -0.67 to -0.70) did not allow us to use these variables simultaneously in models; only the 
proportion of intensive cultures was used. 
House sparrow counts 
Point counts were used to estimate pre-hatching abundance of adult House sparrows. Three 
visits to each farm were carried out in 2008, and 5 visits in 2009 and in 2010. Each bird was 
counted once during a 10 minute transect (1 minute observation per nest-box, 5200 minutes 
total) and birds in flight were excluded. Considering the ubiquitous nature of the species and 
the simplicity of the vegetation structure in open farmlands, 10 minutes point counts were 
sufficient to localise all birds without double counting. Using binoculars, we counted every 
bird sighted or heard at any distance around 360 degrees of the observation spot (unlimited 
radius point counts). Sampling was done from 0800 to 1800. Time of day had no effect on the 
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probability of detection (p > 0.40 across years using a global model, see below). Bird 
localisations were mapped on an aerial photograph of each farm to describe their distribution 
patterns. Distances between farms range from 1.8 km to 103.1 km (mean ± SD: 42.2 ±21.1 
km), enough to preclude sightings of the same bird on different farms, since House sparrows 
are highly faithful to their sites, usually disperse less than 2 km (Summers-Smith 1963, 1988), 
and their mean home range is less than 2 ha (A. Robilllard, unpublished data). Thus, observed 
birds were considered as local breeders at the time of sampling. At each visit, we recorded 
temperature and observer identity (two observers in 2008 (#1 and #2) and 2009 (#2 and #3), 
one observer in 2010 (#3)). For each farm, we calculated the mean proportion of 1) intensive 
cultures, 2) extensive cultures, 3) forest, 4) water bodies, as well as 5) the distance between 
each nest-box and the nearest building, 6) the total building perimeter (km) 7) and the cattle 
density (including the numbers of cows, sheep and horses) measured within a 500-m radius 
around each nest-box. Wind speeds were obtained from the National Climate Data and 
Information Archive measured at Environment Canada's closest meteorological station from 
each farm (Environment Canada, 2011). 
Nest-box occupancy by Tree swallows 
The 400 nest-boxes were surveyed every other day for an extensive study of the ecology of 
Tree swallows (see Ghilain and Belisle, 2008 for details). A nest-box was considered occupied 
by a bird when at least one egg had been laid. 
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Statistical analysis 
Abundance of House sparrows 
We used N-mixture models to assess the determinants of House sparrows in farmlands (Royle, 
2004). These models estimate the abundance of a species from replicated counts while 
correcting for an imperfect probability of detection (Kery, 2008). They use a mixture of 
binomial distribution for estimating detection probability and any other distribution for 
estimating abundance. For our analyses, we used a Poisson distribution for bird abundance as 
we found no sign of overdispersion based on c-hat values and a binomial distribution for the 
detection probability for each bird. We modeled abundance independently for each year as 
multi-year N-mixture models are not available. These models also allow the inclusion of 
separate covariates for abundance (X; that vary at each site, but not in time) and for detection 
(p; that can vary at each site and through time). In our models, we originally included the 
detection variables observer identity and wind speed, but retained them only for the 2009 
models as they had no significant effect in other years. Abundance variables included: 
intensive cultures, cattle density, distance to nearest building, total building perimeter and the 
interactions between intensive cultures and total building perimeter as well as the interaction 
between total building perimeter and cattle density. Covariates were centered on the mean to 
reduce collinearity (Aiken & West, 1991). Justifications and definitions of variables are 
presented in table 1. We fitted N-mixture models within the R statistical software (version 
2.10.1, R Development Core Team 2009) using the pcount function in the "unmarked" 
package (Fischke and Chandler, 2010, version 0.8-7). 
To assess the determinants of House sparrow abundance, we built models based on thematic 
groups of covariates: 1) food (intensive cultures, cattle), 2) nesting sites/refuge (total building 
perimeter, distance to closest building), and 3) landscape (intensive cultures). We also included 
26 
biologically-relevant interactions among covariates (table 1). Model Selection is presented in 
table 2. 
Table 1. Justifications for the variables used when modelling House sparrow (HOSP) 
abundance in agricultural landscapes of southern Quebec, Canada. (1) Drapeau et al. (1999); 
(2) Lowther & Cink (2006); (3) (Perkins et al., 2007); (4) Summers-Smith (1963); (5) 
Gruebler et al. (2010); (6) Sauer et al. (1995). 
Explanatory variables Abbreviation Justification Ref 
Detection Probability 
Wind speed (km/h) 
Observer identity 
Abundance 
Intensive crops (500m radius) 
Total building perimeter (km) 
Mean distance between nest-
boxes and nearest building (m) 
Mean number of cattle per 
farm per year 
Interaction Int*buildperi 
Interaction buildperi* cattle 
WIND Detection and hearing of birds lessened with higher winds 
OBS Detection of birds may vary with experience, knowledge 
or condition of observer 
int Provide main food resources : grains 
buildperi High association with buildings (refuge, nesting sites) 
distbuildbox Association with buildings and potential of usurpation of 
nestboxes closer to structures 
cattle Provide food resources (grains found in feces) or insects 
for chicks provisionning 
lnt*bu»Idperi We expect a non-linear increase of HOSP in areas where 
both food and nesting sites abound 
Buildperi*cattle We expect higher densities of HOSP in intensive areas 
where animals are left to graze outside 
2,3 
4,2 
4,2 
4,5 
We compared models using Aikaike information criterion corrected for small sample size 
(AICc) and performed multi-model inference following Burnham & Anderson (2002). We 
report unconditional errors and 95% confidence intervals for each explanatory variable 
considered. 
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Table 2. Model selection for House sparrow abundance in agricultural landscapes of southern Quebec, Canada. Models 
account for imperfect detection (Royle, 2004) where p represents the intercept of the probability of detection and X the intercept 
of abundance. 2008: n=120; 2009: n=200,2010: n=200. See table 1 for explanation of variables. 
Models A AIC K w, 
2008 
model 3 ~ 1~ int+building+cattle+building*cattle 0.000 6 0.762 
Global2008 ~ 1 ~ int+building+cattle+distbuildbox+in500*building+building*cattle 2.322 8 0.238 
model_2 ~ 1~ int+building+distbuildbox+in500*building 58.122 6 0.000 
model_4 ~ 1~ int 82.796 3 0.000 
model_5 ~ 1~ building+distbuildbox 103.417 4 0.000 
model 6 - 1~ 1 148.342 2 0.000 
2009 
model 3 ~ OBS+WIND- int+building+cattle+building*cattle 0.000 8 0.810 
Global2009 ~ OBS+WIND- int+building+cattle+distbuildbox+in500*building+building*cattle 2.897 10 0.190 
model_2 ~ OBS+WIND~ int+building+distbuildbox +in500*building 49.620 8 0.000 
model_4 ~ OBS+WIND- int 83.391 5 0.000 
model_5 - OBS+WIND- building+distbuildbox 95.513 6 0.000 
model_6 - OBS+WIND- 1 133.204 4 0.000 
model 7 - 1- 1 140.788 2 0.000 
2010 
Global2010 ~ 1 ~ int+building+cattle+distbuildbox+in500*building+building*cattle 0.000 8 1.000 
model_3 ~ 1~ int+building+cattle+building*cattle 15.807 6 0.000 
model_2 ~ 1~ int+building+distbuildbox+in500*building 32.710 6 0.000 
model_4 ~ 1~ int 67.985 3 0.000 
model_5 ~ 1~ building+distbuildbox 75.186 4 0.000 
model 6 ~ 1~ 1 129.925 2 0.000 
K) OO 
Nest-box occupancy by Tree swallows 
We modeled nest-box occupancy by Tree swallows using generalized linear mixed models 
with farm identity as random factor, using a logit link function and a binomial error 
distribution. Models were fitted with the Imer (package lme4 version 0.999375-35) function 
run in the R statistical environment (version 2.10.1; R development Core Team 2009). While 
models were fitted under maximum log-likelihood to compute AICc values (see below), 
coefficient estimates were obtained under restricted maximum log-likelihood (REML; Vaida 
& Blanchard (2005)). Model likelihoods were evaluated with the Laplacian approximation. 
We built models using combinations of variables (table 3) that formed thematic groups: 1) 
landscape and habitat selection variables (previous occupancy in nest-boxes, proportion of 
intensive cultures, number of manure tanks, proportion of water bodies, cattle abundance, 
previous year fledging success) and 2) competition variables (distance to nearest building, 
total building perimeter and number of House sparrows on farm). Models were compared and 
multimodel inference performed based on AICc according to Burnham & Anderson (2002) and 
Vaida & Blanchard (2005). 
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Table 3. Justification of explanatory variables used when modelling Tree swallow (TRSW) nest-box occupancy in agricultural 
landscapes of southern Quebec, Canada. Themes of covariates used to build models (see table 5) include landscape and habitat 
selection (L) and competition (C). (1) Part & Doligez (2003) ; (2) Winkler et al. (2004); (3) Ghilain & Belisle (2008); (4) 
Gruebler et al. (2010); (5) Robertson et al. (2011); (6) Summers-Smith (1963); (7) Lowther & Cink (2006). 
Explanatory variables Theme Abbreviation Justification Ref. 
Year year Interannual variability 
Tree swallows prospect for nest-boxes post-
Previous year occupancy in nest-box by TRSW L prev.occ. breeding and are highly philopatric 1 , 2  
Intensive management may reduce prey 
Intensive cultures (radius: 5km) L int availability 3 
Provide habitats for aerial insects preys to 
Manure tanks L tanks foraging Tree swallows 4 
Tree swallows forage over water when 
Water (radius: 5km) L water available 5 
Provide habitats for aerial preys to foraging 
Cattle abundance (radius: 500m) L cattle Tree swallows 4 
Previous year fledging success (no. Chicks fledged/no. Tree swallows prospect for nest-boxes post-
chicks born) L prev.fledg.succ breeding and are highly philopatric 1 , 2  
Buildings act as refuge and nesting sites for 
Distance between the nest-box and the closest building C dist.build.box competitors (e.g. House sparrows) 6 
Total building perimeter (all buildings within 500m around Competitors use buildings' roofs (mainly 
nest-box; in km) C build.perim contours) for nesting 7 
Number of House sparrows (HOSP) on farm c num.HOSP Competitors 3 
u> 
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RESULTS 
Abundance of House sparrows 
We detected 1860 House sparrows during 5200 point counts in 40 farms, with a maximum of 
12 birds per count (mean ± SD: 0.36 ± 1.41). Some sites were consistently more occupied than 
others through the years, and absence of any House sparrows occurred only on three farms. 
Mean number of House sparrows detected on each farm were highly correlated, both in 
consecutive and non-consecutive years (/'2oo8-9:=0.84, r2oo9-io=0.81, r2oo8-io=0.74). Abundance 
of House sparrows (corrected for imperfect detection probability) did not vary among years 
(mean corrected number of birds per site ± SD: 2008: 8.48 ± 1.14; 2009: 8.04 ± 1.11; 2010: 
7.98 ± 1.11). 
The abundance of House sparrows increased with the proportion of intensive cultures, the total 
building perimeter, and cattle abundance in all years (table 4). Although the effect of building 
perimeter diminished as the intensiveness of the landscape increased in 2008 and 2010 (fig. 5 
a-c), it increased with cattle density in 2010 (fig. 6 d-f). The abundance of House sparrows 
thus peaked at sites with a high proportion of intensive cultures, a high amount of building 
perimeter, and a high cattle density. Contrary to our expectations, however, the mean distance 
separating the point count (nest-box) from its closest building on a farm did not affect the 
abundance of House sparrows. 
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Table 4. Factors influencing the probability of detection (p) and the abundance (X.) of House 
sparrow in agricultural landscapes of southern Quebec, Canada. Model-averaged coefficients 
(0) are presented with their unconditional standard error (uncond. SE) and 95% confidence 
intervals. See table 1 for explanation of variables and table 2 for the set of models. 
2008 
Mean weigthed coeff. (0) uncond SE lower CI upper CI 
Intercept for X 2.136 0.129 1.883 2.389 
Intercept for p -0.362 0.197 -0.748 0.024 
int 2.404 0.289 1.838 2.970 
building 0.593 0.093 0.410 0.776 
cattle 0.026 0.004 0.018 0.033 
distbuildbox 0.257 0.526 -0.774 1.287 
int*building -1.075 0.224 -1.515 -0.636 
building41 cattle 0.003 0.011 -0.018 0.023 
2009 
Intercept for X 2.071 0.102 1.870 2.271 
Intercept for p -0.527 0.167 -0.854 -0.199 
OBS -0.300 0.120 -0.534 -0.065 
WIND 0.014 0.006 0.002 0.027 
int 2.367 0.288 1.802 2.933 
building 0.236 0.061 0.116 0.356 
cattle 0.029 0.004 0.022 0.036 
distbuildbox 0.160 0.576 -0.969 1.289 
int*building -0.340 0.275 -0.879 0.199 
building*cattle 0.007 0.004 -0.001 0.015 
2010 
Intercept for p -0.701 0.131 -0.958 -0.444 
Intercept for X 2.077 0.105 1.870 2.283 
int 2.178 0.291 1.607 2.748 
building 0.602 0.090 0.426 0.778 
cattle 0.051 0.052 -0.051 0.154 
distbuildbox 0.195 0.551 -0.884 1.274 
int*building -0.956 0.220 -1.387 -0.525 
building*cattle 0.017 0.008 0.002 0.032 
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Figure 5. (a,b,c): Abundance of House sparrows as a function of the interaction between 
intensive cultures and building perimeter for the years 2008 to 2010 : solid line: mean 
building perimeter (1.5km); black squares: large building perimeter (2.06-5.16km); white 
triangles: Median building perimeter (913m-2.06km); black circles: small building perimeter 
(89m-912m)). (d,e,f): Abundance of House sparrows as a function the interaction between 
building perimeter and cattle density measured as cattle heads for the years 2008 to 2010: full 
line: Mean cattle density; stars: low cattle density; dashed line: Median cattle density; dotted 
line: high cattle density. For graphical purposes, only 3 lines of predicted abundance have 
been drawn using the 1st quantile, the median and the 3rd quantile of either 1) total building 
perimeter (a-c) or 2) mean cattle density (d-f). 
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Nest-box occupancy by Tree swallows 
Between 2005 and 2010, occupancy of nest-boxes by Tree swallows in our system has 
declined by 19% (mean ± SD: -4.2 ± 3.4% per year; fig.6). On the other hand, House 
sparrows' occupancy has increased by 12.5% (mean ± SD: 2.5 ± 5.8%; fig.6). Occupancy of 
nest boxes by Tree swallows is not necessarily inversely proportional to occupancy by House 
sparrows, because each species is capable of evicting the other and some nest boxes remain 
empty every year (fig. 6) or are used, albeit at low frequencies, by other birds (mean annual 
occupancy ± SD: Eastern bluebird (Sialia sialis): 2.07 % ± 0.84; House wren (Troglodytes 
aedori): 0.21 % ± 0.37; Black-capped chickadee (Poecile atricapillus): 0.14% ± 0.13). 
The model containing both landscape and competition variables clearly ranked as best based 
on AICc compared to models that contained only one of those two groups of thematic variables 
(table 5). Based on this model, nest-boxes were more likely to be occupied by Tree swallows if 
swallows fledged from it in the previous year, if the distance separating the nest-box was from 
the closest building was high, and the number of House sparrows on the farm was low (table 
6). Indeed, Tree swallow occupancy increased by 24% when swallows fledged from the box in 
the previous year (fig.7c). All of the nest boxes located further than 502m from buildings were 
occupied by Tree swallows only (fig. 7a). Nest-box occupancy by Tree swallows reached 
nearly 90% in farms where House sparrows were absent and dropped to approximately 20% 
when House sparrows were at their highest densities (fig. 7b). Contrary to our predictions, 
variables relevant to farmland management at a spatial scale relevant to foraging by Tree 
swallows (i.e. 5-km radius) had no effect on nest box occupancy by Tree swallows when 
variables pertaining to competition were taken into account (table 6). 
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Figure 6. Annual nest-box occupancy by Tree swallows (straight black line) and House 
sparrows (dashed black line). Empty nest-boxes depicted in gray dashed line. 
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Table 5. Model selection for the probability of nest-box occupancy by Tree swallows (TRSW) 
in agricultural landscapes of southern Quebec, Canada, 2008-2010 (n = 1200 available nest-
boxes). Thematic groups of variables include competition (C) and landscape factors (L; table 
4.). Justifications of explanatory variables are presented in table 4. AIC calculated with 
GLMM and results presented in table 6. 
Models Variables 
j year + prev.occ + int + tanks + water + cattle + 
prev.fledg.succ + dist.build.box + build.perim + num.HOSP 
2 year + prev.occ + int + tanks + water + cattle + 
prev.fledg.succ 
3 year + dist.build.box + build.perim + num.HOSP 
Themes K A AIC, 
C+L 11 0 
L 8 20.9 
C 5 603.3 
Table 6. Factors influencing the probability of nest-box occupancy by Tree swallow. 
Estimates pertain to a generalized linear mixed models (logit link function, binomial error 
distribution and farm identity as random factor) subjected to multi-model inference. 
Regression coefficients (0) are presented with their unconditional standard error (Uncond. SE) 
and 95% confidence intervals (CI). See table 4 for explanation of variables and table 5 for the 
set of models. 
Mean weighted coefficient (6) Uncond. SE Lower CI Upper CI 
year2008 1.274 0.888 -0.466 3.014 
year2009 -0.233 0.244 -0.712 0.245 
year2010 -0.193 0.361 -0.900 0.515 
prev.occ -0.206 0.257 -0.710 0.298 
int5km 0.001 0.008 -0.015 0.017 
tanks 0.137 0.126 -0.110 0.385 
water5km -0.112 0.843 -1.765 1.540 
cattle -0.005 0.008 -0.020 0.010 
prev.fledg.succ 0.210 0.090 0.034 0.385 
dist.buiId.box 0.003 0.001 0.001 0.005 
build.perim -0.013 0.180 -0.365 0.340 
num.HOSP -0.145 0.056 -0.255 -0.035 
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Distance from nest-box to closest building Maximum number of HOSP observed on a farm 
0 2 4 6 8 
Previous fledging success by TRSW 
Figure 7. Results of GLMM of the predicted probability of nest-box occupancy by Tree 
swallow (TRSW) as a function of a) distance to closest building, b) density of competitors and 
c) previous fledging success of Tree swallows; (raw data of House sparrow numbers; not 
accounting for probability of detection). Dots indicate the yearly raw occupancy of nest-
boxes. 
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DISCUSSION 
We found that landscape structure played a key role in patterns of House sparrow abundance 
and in their competition with Tree swallows. Namely, the relative amount of intensively-
managed agricultural land, the amount of building perimeter and cattle density measured 
within a 500-m radius revealed to be strong determinants of House sparrow numbers. In turn, 
House sparrow abundance affected nest-box occupancy by Tree swallows. Indeed, two of the 
three major determinants of nest-box occupancy by Tree swallows were related to the density 
of competitors: 1) proximity to buildings and 2) density of House sparrows. We conclude that 
intensive farming practices aire not affecting Tree swallows' nest use directly, but rather 
indirectly by favouring a competitive species. 
Abundance of House sparrows 
Although House sparrow numbers peaked in intensively managed landscapes with high 
building density, the effect of culture intensiveness was slightly attenuated as the building 
density increased. That suggests that building perimeter, and thus nest site availability, may be 
more limiting to House sparrows once a certain amount of intensively cultivated lands, and 
associated food resources, are available. These results corroborate many findings of strong 
associations between House sparrow and human habitation (Anderson, 2006; Lowther & Cink, 
2006; Summers-Smith, 1963, 1988). For instance, House sparrow abundance in suburban and 
recreational areas is positively related to building cover and height, and proximity to buildings 
influences their use of nest boxes (MacGregor-Fors et al., 2010; Remacha & Delgado, 2009). 
House sparrow numbers peaked in highly built areas where cattle were abundant. The 
importance of cattle as an indirect food source for farming birds is well documented and the 
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disappearance of dairy farming has affected several species, such as Barn swallows (Hirundo 
rustica; Moller, 2001), Vesper sparrow (Pooecetes gramineus), Eastern Meadowlark (Sturnela 
magna), Bobolink (Dolichonyx oryzivorus) and Red-winged blackbird (Agelaius phoeniceus; 
Jobin et al. (1996)). In this study, the presence of cattle seemed counter-intuitively more 
important in built-up areas, where we would expect greater resource availability, and thus a 
lesser necessity of cattle presence as alternative food source. This pattern may result from the 
fact that large amounts of building perimeters are usually associated with the swine industry 
that prevails in intensive farmscapes, because of the challenges in swine manure disposal, at 
the expense of dairy and cattle farming (Jobin et al., 2005). Swine manure is typically used as 
a fertilizer on corn-soy rotations, which are typical of intensively cultivated lands in our study 
area (Jobin et al. 2005), because of the excess in nitrogen content and because excessive 
application can result in phosphorous accumulations in the soil that are improper to most crop 
types (Karlen et al., 2004; Koehler et al., 2007). Contrary to cows, horses, sheep and goats, 
pigs are kept inside, which is unfavorable for House sparrows in terms of potential food 
sources such as spilled grains, scatophilous insects or undigested seeds and grains in feces. 
Furthermore, piggeries are more hermetic than other farm buildings, thus limiting potential 
nesting sites (Shrubb, 2003). Consequently, the rate of increase in House sparrow numbers 
might be greater in farms with high densities of outdoor-grazing animals, than in high built-up 
areas with indoor-kept animals, like swine. 
Analyses of House sparrow detected during point count surveys further corroborate the 
importance of buildings as a determinant of their abundance. These results show that 
individuals in our system did not fly further than 667 m from a building, consistent with 
findings from MacGregor-Fors et al. (2010), where House sparrows did not venture further 
than 609 m from a building. Furthermore, preliminary analyses of space use by breeding 
House sparrows using radio-telemetry suggest that home ranges were small, averaging 2.44 ha 
(±2.17 SD) for females and 3.02 ha ( ± 2.39 SD) for males, corresponding to a mean radius 
for both sexes of 85.6 m (± 38.5 SD) assuming circular home ranges. House sparrow home 
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ranges were mainly near farm buildings, emphasizing the preferences of House sparrows for 
nesting sites near buildings. 
Although it seems reasonable to expect higher numbers of House sparrow in intensive 
farmlands than in extensive ones based on the biology of the species (i.e. granivorous and 
associated with buildings), here we provide, to our knowledge, the first evidence of a positive 
impact of intense farming on House sparrow. Other species like Ring-billed gull (Larus 
delawarensis) and Rock dove (Columba livia) benefited from the introduction of intensive 
farming in Quebec (Jobin et al., 1996). Likewise, intensively farmed arable lands were a site 
of choice for migration stopover of Eurasian golden plover in Sweden (Lindstrom et al., 
2010). Nevertheless, most studies point to negative effects of intensive farming for House 
sparrows as for many other species (e.g. Wretenberg et al., 2007). Diverse indirect effects of 
agricultural intensification have been suggested to explain the decline of farmland House 
sparrows including: 1) lack of food resources during winter (Chace & Walsh, 2006; Hole et al., 
2002; MacLeod & Till, 2007; Newton, 2004), 2) bird-proofing of grain-storage buildings 
(Easterbrook, 1999; Newton, 2004), 3) herbicides that reduce the soil seed bank (Newton, 
2004), 4) increasing use of pesticides that reduce the availability of insect food fed to nestlings 
(Peach et al., 2004), and 5) loss of arable habitat (Robinson et al., 2001), to name a few. 
However, while there is ample evidence that agricultural intensification has reduced 
invertebrate availability on farmland (Benton et al., 2002; Donald et al., 2001; Wilson et al., 
1999), such effects are suggested to be weaker for birds feeding on ground invertebrates than 
for avian insectivores (Atkinson et al., 2004). Another potential reason for such discrepancy is 
that most of the studies on House sparrow abundance or distribution have been conducted in 
Europe, especially in Britain. In North America, House sparrows have been seldom studied. 
Continental comparisons may not be appropriate, as the intensive farming context for these 
two environments is likely to differ substantially. Finally, House sparrows may simply do the 
"best of a bad job" (Krebs & Davies, 1993) by inhabiting intensive farmland habitats, that is, 
making the best they can in non-optimal conditions. Hence, individuals may stay and 
reproduce in agro-intensive systems, regarded as habitats of questionable quality, due in part 
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by their sedentary nature limiting their dispersal, 
the habitat preferences of House sparrows and 
population dynamics. 
Further work is thus needed to fully assess 
its consequences on life-history traits and 
Nest-box occupancy by Tree swallows 
Ghilain & Belisle (2008) showed that Tree swallow clutch size and fledging success were 
reduced by intensive agricultural practices and proposed that competition with House sparrow 
could be a potential factor in declining nest-box use and lower reproductive success of Tree 
swallows in farmscapes. Using the same study system, we found that indeed, the occupancy of 
nest-boxes by Tree swallows peaked when numbers of House sparrows were low and nest-
boxes were located far from buildings. In conjunction with our results showing that House 
sparrow numbers are highest near buildings, we suggest that nesting sites situated close to 
farm structures represent a greater competition risk for Tree swallows. 
For different farmland species, agricultural intensification influenced habitat occupancy. For 
instance, Coudrain et al. (2010) illustrated that agricultural intensification influenced 
negatively the territory occupancy of Wrynecks (Jynx torquilla) by limiting nesting sites and 
food quantities. Also, the highest rate of occupancy for skylarks (Alauda arvensis L.) occurred 
in non-intensively managed areas (Chamberlain et al., 1999). Unexpectedly, in our study, the 
proportion of intensive cultures was not a determinant of Tree swallow nest-box occupancy. 
Although, the model containing landscape variable only was the least explanatory (model 2, 
table 5), it is clear that the most parsimonious model contained both competition and 
landscape variables (model 1, table 5). Therefore, even if the proportion of intensive cultures 
was not a significant factor in Tree swallow nest box occupancy after multi-model inference 
(table 6), the presence of this variable in the most explanatory model supports its importance 
in nesting site selection by swallows. In short, we suggest that a combination of landscape 
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variables (intensive cultures) and competition factors (distance to nearest building, number of 
competitors) best explains nest box occupancy by Tree swallows. 
Our results also revealed that previous nest-box fledging success was a positive determinant of 
Tree swallow occupancy. Many species of birds and mammals are faithful to natal or breeding 
sites, suggesting potential fitness benefits over dispersal (Greenwood, 1980; Greenwood & 
Harvey, 1982). For instance, birds that experienced breeding success in a nesting site are more 
likely to be philopatric than to disperse to new grounds in search of a better site. Once they 
begin breeding, Tree swallows show strong philopatry, especially when they experience high 
breeding success (Shutler & Clark, 2003; Winkler et al., 2004). Additionally, public 
information theory suggests that birds "prospect" neighbouring nesting sites to evaluate the 
quality of the habitat based on conspecifics' reproductive success, and would disperse less in 
areas where high reproductive success occurred, regardless of their own success (Doligez et 
al., 2004; Part et al., 2011; Reed et al., 1999). Therefore, our results also suggest that Tree 
swallow use information relative to their own nesting success, or their neighbour's, to identify 
potential future nesting sites. 
Landscape-mediated, nest-site competition 
Nest site competition between Tree swallows and House sparrows occurred mostly in 
intensively managed farmlands. Indeed, House sparrows were more abundant in intensive 
areas with important building density and high numbers of outside-grazing farm animals. In 
turn, Tree swallows preferred nest boxes further from buildings and where the number of 
House sparrows was low. Theory suggests that competition may be observed when the 
distribution or abundance of a species is reduced by the increase in the range or abundance of 
another species (Newton, 1998). It was also demonstrated that, competition may structure 
communities (e.g. Martin and Eadie, 1999) and could arise as consequences of landscape 
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structure alterations on the species assemblage (e.g. Holzschuh et al., 2010) or resources 
availability (Holt & Martin, 1997), and thus affect biological interactions (e.g. Tilman, 1994). 
Hence, in this Tree swallow population, we found that the competitive interactions with House 
sparrows are mediated by the indirect impact of anthropic modifications to the agricultural 
landscape. At the light of these findings, we suggest that by favouring a competing species 
(i.e. House sparrow), modern agricultural practices have influenced indirectly the reproductive 
ecology of Tree swallow by impeding its nesting site selection. To this day, very few studies 
have assessed the influence of landscape structure on competition-structured communities, 
especially in agro-intensive farmscapes. Of these studies, Holzschuh et al. (2010) showed that 
nest colonization in agricultural landscapes by cavity-nesting bees, wasps and their parasitoids 
was affected at different scales by changes in landscape structure (i.e. habitat loss, habitat 
fragmentation and reduced habitat quality), that reduces the abundance of arthropods, and 
ultimately changes trophic interactions. In forested habitats, the "nest-webs" literature also 
depicts the importance of landscape composition (e.g. types of trees, succession stage of 
forest) and configuration (e.g. orientation of habitat patches) in the highly structured 
communities of cavity nesters (Gutzwiller & Anderson, 1992; Martin et al., 2004; Martin & 
Eadie, 1999). In this regard, my work is to my knowledge, the first quantitatively-documented 
report of a landscape-mediated avian competition pressure in farmscapes. 
It is difficult to conclusively demonstrate the occurrence of competition, because the presence 
of potentially competing species is often correlated with other factors, leaving low strength of 
inference (Cooper et al., 2007), or because competition is not necessarily observable at all 
scales (Wiens, 1989). Analysing national avian databases (BBS and CBC), Wootton (1987) 
found evidence of competition between House sparrows and House finches because of the 
negative responses of House sparrow populations when House finches were present. More 
recently, Sanders et al. (2003) and McClure et al. (2011) did not find any evidence of this 
particular competition at local or regional scale. Bennett (1990) used a multi-scale approach to 
evaluate competition between House finches and House sparrows and found evidence of 
competition only at the continental scale. He emphasizes the importance of multi-scale 
evaluations as misinterpretation may arise at an irrelevant scale of investigation (Bennett, 
1990). Consistent with the prediction that segregation of competing species should be more 
apparent at a small scale (Bennett, 1990; Cody, 1974; Maurer, 1984), our results reveal 
competition pressure at local scale (i.e. near buildings) but also, regional effects through the 
agricultural gradient and thus support the multi-scale pertinence in competition investigations. 
CONCLUSION 
We showed that agricultural intensification reduced Tree swallow occupancy of nest-boxes 
indirectly by exacerbating competition with House sparrows. By acknowledging such 
landscape-mediated competitive interaction, we emphasize the need for multi-factor analyses 
in future studies. If farmland bird population declines coincide with agricultural intensification 
and competition with other species which benefit from it, we can expect a continuing decline 
of farmland biodiversity. Our results underline the importance of targeting and understanding 
the causal factors and mechanisms behind these declines to predict the impacts of farming 
practices, and potential mitigative actions, on farmland communities. 
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CONCLUSION GENERALE 
La competition pour les ressources et l'influence des modifications de la structure du paysage 
sur les processus ecologiques sont des sujets largement documentes dans la litterature 
scientifique. Cependant, ces mecanismes sont souvent etudies independamment, alors que ces 
changements sont plutot un alliage de facteurs influen^ant de fa9on synergique les dits 
processus. Dans ce memoire, l'objectif etait non seulement de comprendre les patrons 
d'abondance du Moineau domestique, mais aussi d'identifier les determinants de l'utilisation 
des nichoirs par l'Hirondelle bicolore en decouplant les effets de competition et de structure 
du paysage. En accord avec mes hypotheses, j'ai mis en evidence que la competition entre le 
moineau et l'hirondelle etait exacerbee par la structure du paysage. En effet, j'ai pu montrer 
que l'abondance du Moineau domestique et son impact sur la competition avec l'Hirondelle 
bicolore pour les sites de nidification etait etroitement lies aux modifications anthropiques des 
agro-ecosystemes. 
Comme predit, l'abondance du Moineau domestique etait fortement et positivement correlee 
aux facteurs lies aux paysages agricoles anthropiques : le couvert relatif en cultures intensives, 
la densite de batiments et de betail. En accord avec la nature synanthrope des moineaux, j'ai 
observe, tel qu'attendu, qu'ils selectionnent de maniere plus frequente les habitats ou les 
refuges et sites de nidification sont plus abondants et ce, dans les milieux offrant plus de 
ressources alimentaires, soit les habitats ou 1'homme est etablit. Par contre, mes resultats 
suggerent egalement que 1'intensification croissante des milieux agricoles pourrait 
desavantager cette espece qui est d'ailleurs en declin dans plusieurs parties de son aire de 
distribution. Du fait que l'abondance de betail et de batiments soient primee par les moineaux, 
les nouveaux etablissements agricoles industriels, principalement dedies a 1'industrie porcine, 
pourraient reduire l'interet de cet habitat, car ceux-ci conservent les animaux a l'interieur de 
batiments offrant une structure peu accommodante pour la nidification. Une etude 
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longitudinale des populations de Moineau domestique en milieu rural serait interessante pour 
comprendre de fa?on plus approfondie les patrons d'abondance de cette espece. 
Malgre que Newton (2004) doutait de 1'influence de la competition comme facteur de declins 
des populations d'oiseaux champetres, mes resultats suggerent que la competition reduit 
l'occupation des nichoirs par les hirondelles et pourrait etre en partie responsable de ces 
declins. En effet, malgre que nous n'ayons pas mesure les impacts a long-terme de cette 
occupation moindre des nichoirs en presence de competiteurs, il est possible de croire que 
cette baisse d'occupation ait comme consequence un succes reproducteur plus faible chez les 
hirondelles. De plus, il ete montre que le succes a l'envol et la taille de couvee des hirondelles 
etait reduits en milieux intensifs et que la competition interspecifique avait ete soulevee 
comme facteur probable (Ghilain & Belisle, 2008).Ultimement la competition par les 
moineaux pourrait ainsi etre liee au declin de populations de cette espece. Conjugues aux 
travaux precedents obtenus dans mon systeme d'etude (Ghilain & Belisle, 2008), mes resultats 
supportent mon hypothese de depart voulant que la competition pour les sites de nidification 
soit un determinant de l'occupation des nichoirs par les Hirondelle bicolore etant donne la 
nature competitive des Moineau domestique et le nombre limites de cavites. De fait, j'ai 
montre que l'utilisation des nichoirs par l'Hirondelle bicolore dependait de la distance aux 
batiments, refuges et sites de nidification des Moineau domestique, ainsi que determinants de 
la densite de ces derniers. La theorie suggere que la competition serait observee lorsque 
l'abondance (ou la distribution) d'une espece diminue a cause de l'augmentation de 
l'abondance (ou de la distribution) d'une autre espece (Newton, 1998). II a aussi ete montre 
que la competition pouvait structurer les communautes (e.g. Martin and Eadie, 1999) et etre la 
consequence des modifications apportees a la structure du paysage affectant ainsi 
1'assemblage des especes (e.g. Holzschuh et al., 2010), la disponibilite des ressources (e.g. 
Holt and Martin, 1997) et par le fait meme les interactions biologiques (e.g. Tilman, 1994). 
Ainsi, dans cette population d'Hirondelles bicolores, quoique nous n'ayons pas evalue 
l'abondance d'individus, nous pouvons tout de meme affirmer qu'un impact certain de la 
presence et de l'abondance de Moineaux domestiques existe, et que les modifications 
anthropiques a la structure du paysage agro-intensif influence indirectement l'abondance de 
competiteurs. Nous suggerons done qu'en favorisant une espece competitrice (i.e. le Moineau 
domestique), les pratiques agricoles modernes influencent indirectement I'ecologie de 
reproduction de 1'Hirondelle bicolore. A ce jour, seulement quelques etudes se sont penchees 
sur les populations structurees par la competition et regulees par la structure du paysage (e.g. 
Cooper et al., 2007, Martin and Eadie, 1999), en particulier en milieux agro-intensifs. A ce 
titre, mes travaux seraient done parmi les premiers a mesurer empiriquement une pression de 
competition modulee par la structure des paysages agricoles. 
Considerations futures 
Considerant la nature competitive du moineau domestique, I'ecologie de cette espece doit etre 
etudiee de fa?on plus approfondie pour comprendre les interactions biologiques 
interspecifiques dans lesquelles elle peut etre impliquee. II est essentiel de faire la lumiere sur 
la sante des populations de Moineau domestique en milieu agricole, car nous en savons encore 
tres peu sur les causes et les consequences de leur declin dans ces agro-ecosystemes. La 
selection d'habitat a fine echelle par le Moineau domestique en milieu rural (i.e. a l'echelle du 
batiment de ferme) est peu documentee et ne nous renseigne pas sur 1'importance des nichoirs 
pour cette espece (i.e. utilisation opportuniste ou necessaire). La presente etude demontre que 
les nichoirs a proximite des batiments ont un potentiel de competition interspecifique eleve et 
une usurpation tres probable. De plus ample observations sur ces taux d'usurpations pourraient 
confirmer ces resultats. Une analyse approfondie de l'utilisation de l'espace par les 
competiteurs grace a 1'extrapolation de leurs donnees de distribution illustreraient les risques 
de competition potentiels en milieu agricole et pourrait servir a l'amenagement de 1'habitat 
artificiel de 1'Hirondelle bicolore. Compte tenus des resultats obtenus dans cette etude et dans 
une optique de conservation des especes a statut precaire en milieu agricole, nous suggerons 
d'eloigner des batiments les nichoirs destines aux telles que 1'Hirondelle bicolore. 
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En reconnaissant que les interactions competitives peuvent etre facilitees par la structure du 
paysage, j'insisterai sur 1'importance des analyses multi-factorielles pour les etudes a venir. Si 
les declins de populations aviaires coincident en effet avec les modifications anthropiques du 
paysage et avec la competition interspecifique, nous pouvons nous attendre a un declin 
persistant de la biodiversite en milieux champetres. Mes resultats suggerent fortement 
1'importance de cibler et de decoupler les facteurs causals et les mecanismes derrieres ces 
declins pour eventuellement predire les impacts des pratiques agricoles sur les communautes 
fauniques rurales. Subsequemment, ces decouvertes pourraient etre cruciales en termes de 
conservation et de strategies de gestion pour les especes liees au sein d'interactions multi-
trophiques. 
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SOMMAIRE 
Depuis les 50 dernieres annees, une pression de productivity considerable est exercee par 
l'industrie sur les agro-ecosytemes qui se doivent de subvenir aux besoins d'une population 
toujours grandissante. Par le biais des modifications du paysage ainsi que par des 
transformations chimiques, genetiques et mecaniques, les cultivateurs ont maximise le 
rendement de chaque parcelle agricole. Cette intensification des pratiques est a present pointee 
du doigt comme responsable du declin de nombreuses especes, notamment aviaires. Entres 
autres, le declin des insectivores aeriens semble lie a l'utilisation accrue de pesticides et de 
fertilisants. Dans un milieu ou les ressources sont limitees, comme dans les milieux intensifs, 
la competition serait un autre facteur responsable des variations en effectifs des populations. 
Cependant, ces mecanismes sont souvent etudies independamment, alors qu'il est difficile de 
decoupler les multiples facteurs responsables du declin d'une espece. Dans ce memoire nous 
avons etudie ces deux questions conjointement en evaluant Pinfluence de 1'intensification 
agricole sur le Moineau domestique (Passer domesticus), et les interactions competitives de ce 
dernier avec l'Hirondelle bicolore (Tachycineta bicolore). Tout en prenant en compte la 
probability de detection, nous avons analyse 5200 minutes de points d'ecoute pour determiner 
l'abondance de moineaux et ce sur 40 fermes du Quebec meridional echelonnees dans un 
gradient d'intensification agricole. Nos resultats montrent que l'abondance de moineau est 
positivement influencee par les facteurs agro-intensifs (i.e. milieux intensifs, densite de 
batiments et de betail). Aussi, nous avons illustre a 1'aide de modeles statistiques que la 
competition interspecifique etait un determinant de l'occupation des nichoirs par 1'hirondelle. 
Ainsi, la structure du paysage influence de fa$on diametralement opposee le moineau et 
1'hirondelle, tout en exacerbant la pression de competition entre ces deux especes. Ces 
resultats iliustrent 1'importance du role preponderant des modifications anthropiques sur les 
especes des milieux agricoles et sur leurs relations interspecifiques, tout en faisant la lumiere 
sur 1'ecologie de 2 especes en declin. 
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INTRODUCTION GENERALE 
Changements agricoles: le contexte 
Pour subvenir aux besoins d'une population toujours croissante, l'humain a considerablement 
modifie le paysage agricole, et cette tendance ne semble aucunement s'attenuer (Guo et al., 
2010; Vitousek et al., 1997). Entre autres transformations, la surface de terres cultivees a 
augmentee de 466% depuis les annees 1700 (Meyer & Turner, 1992). Aussi, la « Green 
Revolution » adoptee mondialement dans les annees 1960, caracterisee par une modernisation 
des techniques et par la modification genetique des cultivars utilises, a grandement contribue a 
l'augmentation massive de production cerealiere (Duvick & Cassman, 1999; Khush, 1995; 
Khush, 2001; Krebs et al., 1999; Matson et al., 1997). En 40 ans, celle-ci a atteint 2 milliards 
de tonnes, ce qui contraste avec la periode de 10 000 ans requise pour atteindre le premier 
milliard de tonnes (Khush, 2001). Par contre, ce qui est vu par certain comme un succes 
technologique, environnemental et societal (Conway & Toenniessen, 1999), cache aussi son 
lot de consequences nefastes, et le prix a payer pour les ecosystemes est grand (Tilman, 1998). 
Une pression considerable a ete generee sur l'industrie pour la rendre plus efficace et plus 
productive. Notamment, des types de cultivars a haut rendement, de la machinerie 
sophistiquee, une utilisation accrue de pesticides et de fertilisants, une modification des 
periodes de recoltes, une perte des rotations de cultures traditionnelles, un drainage excessif 
des terres et une destruction des habitats marginaux sont tous au nombre de ces modifications 
pro-rendement (Belanger & Grenier, 2002; Jobin et al., 1994; Matson et al., 1997; McLaughlin 
& Mineau, 1995). Ces innovations ont entrame un nombre important de changements 
environnementaux qui ont eventuellement transforme les mosai'ques heterogenes et diverses 
des terres souvent dediees a la culture laitiere (culture extensive) en paysages vastes 
representes par des monocultures cerealieres telles que le mais et le soya (cultures intensives). 
Au Canada, 85% des terres agricoles sont maintenant administrees de fa?on intensive (Jobin et 
al., 2005). Consequemment, cette sculpture agro-intensive des ecosystemes se repercute sur 
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les processus ecologiques regissant les milieux affectes, ceux s'y avoisinants et evidemment, 
influence la faune y habitant. 
Changements agricoles : les impacts 
En simplifiant les ecosystemes, 1'intensification de l'agriculture a eu un impact non-equivoque 
sur la biodiversite (Chapin et al., 2000; Donald et al., 2001; Mensing et al., 1998; Tscharntke 
et al., 2005). De fait, plusieurs processus ecologiques sont affectes tant au niveau de l'individu 
(Brickie et al., 2000; Chamberlain et al., 2009; Phillips & Alldredge, 2000; Robinson et al., 
1995; Trombulak & Frissell, 2000), que des populations (Boatman et al., 2004; Fischer et al., 
2011; Shaw et al., 2008) et des communautes (Lopez-Flores et al., 2009; Marzluff et al., 2007; 
Rodewald et al., 2011; Roy et al., 2004). Outre les impacts sur la biodiversite, l'expansion de 
« l'agriculture industrielle » est aussi pointee du doigt comme facteur cle dans le declin de 
nombreuses especes (Chamberlain et al., 2000; Donald et al., 2001; Vickery et al., 2001) y 
compris: les arthropodes (Evans et al., 2007; Hendrickx et al., 2007; Schekkerman & 
Beintema, 2007), les oiseaux (Bradbury et al., 2000; Brickie et al., 2000; Chamberlain et al., 
2000; Newton, 2004) et les petits mammiferes (Aschwanden et al., 2007; Michel et al., 2006). 
Selon le rapport sur le statut des oiseaux du monde (Bird Life International, 2008), une espece 
d'oiseaux sur huit est menacee d'extinction. L'index de la liste rouge des oiseaux, base sur le 
mouvement des especes a travers les categories de l'Union Internationale pour la Conservation 
de la Nature (UICN), montre que le statut des especes d'oiseaux s'est deteriore de fa9on 
constante depuis 20 ans, ce qui renforce l'idee que ce groupe est tres affecte globalement. De 
toutes les activites anthropiques mena9ant les populations aviaires (e.g. les coupe a blancs, la 
chasse, le piegeage, le developpement residentiel et commercial, 1'industrie de l'energie et 
miniere), l'agriculture est la menace premiere expliquant le declin de ces populations (Bird 
Life International, 2008). D'ailleurs, quoique plusieurs groupes d'oiseaux soient sujets a des 
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diminutions d'effectifs, des etudes a long termes ont montre que les populations d'oiseaux 
champetres (vivant et se reproduisant en milieu agricole) declinaient a un taux plus rapide que 
tout autre groupe d'oiseaux (Askins, 1999; Donald et al., 2001; Eaton et al., 2007; Murphy, 
2003; Sauer et al., 2011). De fa9on generate, ces declins ont ete attribues a une baisse des 
ressources alimentaires et de nidification (e.g. Boatman et al., 2004; Hart et al., 2006; Newton, 
2004) ainsi qu'aux changements de structure et d'utilisation du paysage (e.g. Robinson et al., 
2001; Wretenberg et al., 2007). Tous ces changements sont en lien avec la montee de 
1'intensification des pratiques agricoles (Chamberlain et al., 2000; Donald et al., 2001; 
Peteijohn & Sauer, 1999). 
Des declins inquietants sont aussi observes dans la guilde des insectivores aeriens, oiseaux qui 
se nourrissent principalement d'insectes volants (Nebel et al., 2010; Sauer et al., 2011). 
Considerant la diversite d'habitats utilises par ces especes, le facteur expliquant simultanement 
ces declins serait vraisemblablement I'insuffisance de ressources alimentaires (i.e. insectes; 
Benton et al., 2002; Evans et al., 2007). L'utilisation accrue de pesticides dans les milieux 
intensifs est generalement la cause invoquee pour mettre de l'avant une telle insuffisance 
(Benton et al., 2002). Conjointement, la destruction des habitats marginaux (e.g. haies brise-
vent, milieux humides, friches), pour maximiser l'utilisation de l'espace, a grandement 
contribue a reduire la disponibilite de sites de nidification et de cavites (Holroyd, 1975; 
Stutchbury & Robertson, 1985). Malgre que les diminutions du nombre de proies volantes et 
du nombre de sites de nidification potentiels soient bien reconnues dans la litterature, il est 
difficile d'identifier avec precision les facteurs responsables du declin d'une espece en 
particulier, car ils sont fort probablement non-exclusifs et additifs. Les effets causes par le 
paysage pourraient avoir ainsi un tres large spectre d'action sur les especes des milieux 
champetres, comme des effets multi-trophiques, qu'ils soient con-trophique (e.g. competition) 
ou heterotrophique (e.g. predation). Plusieurs auteurs ont etudie l'influence d'une modification 
specifique du paysage (e.g. fragmentation, intensification, perte d'habitat) sur une espece 
particuliere, mais tres peu se sont penches sur les impacts combines de ces modifications sur 
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les interactions multi-especes. II est done pertinent d'evaluer les dynamiques interspecifiques 
dans les habitats alteres par I'homme de maniere multifactorielle. 
Nombre d'etudes se sont penchees sur les effets negatifs de 1'intensification agricole sur les 
especes aviaires (Brickie et al., 2000; Donald et al., 2001; Ghilain & Belisle, 2008; Wilson et 
al., 1999). Neanmoins, certaines etudes rapportent que quelques especes ont plutot ete 
favorisees par ces modifications. Par exemple, les populations de Goeland a bee cercle (Larus 
delawarensis) et de Pigeon Biset (Columbia livia) ont augmente respectivement de 450% et 
192% entre les annees 1966 et 1992 en milieux agro-intensifs au Quebec (Jobin et al., 1996). 
De meme, les terres arables intensives sont preferees par le Pluvier dore (Pluvialis apricaria) 
durant les arrets migratoires (Lindstrom et al., 2010). Dans la presente etude, nous nous 
interessons a l'influence de Pintensification agricole sur une espece potentiellement favorisee 
par les cultures agro-intensives, le Moineau domestique (.Passer domesticus), et les 
interactions competitives de ce dernier avec l'Hirondelle bicolore (Tachycineta bicolor), qui 
est, au contraire, tres probablement victime de ces pratiques agricoles modernes. 
Le Moineau domestique 
Habitat 
Pouvant produire jusqu'a quatre nichees par annee, le Moineau domestique niche 
preferablement sur les batiments construits par I'homme, mais utilise aussi les nichoirs et 
occasionnellement les arbres et arbustes (Lowther & Cink, 2006; Summers-Smith, 1963). Sa 
nature agressive et son statut de resident lui conferent des avantages marques 
comparativement aux especes migratrices, specialement en termes de preseance d'occupation 
des sites de nidification. Le Moineau domestique est capable d'evincer et d'usurper les sites de 
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nidification d'autres especes (Gowaty, 1984; Lindell, 1996; Lowther & Cink, 2006; Newton, 
1998; Summers-Smith, 1963; Wootton, 1987), ce qui en fait un competiteur pour plusieurs 
especes (e.g. Merlebleu de l'Est Sialia sialis, Gowaty, 1984; Roselin familier Carpodacus 
mexicanus, Wootton, 1987, Bennett, 1990; Moineau friquet Passer montanus, Cordero and 
Senar, 1990; Hirondelle bicolore, Robertson et al., 2011). 
Diete 
Le Moineau domestique est un granivore se nourrissant principalement de graines herbacees et 
de cereales (e.g. mai's, avoine, ble). En milieu rural, il s'alimente autant de grains sauvages que 
domestiques, particulierement ceux destines aux animaux de ferme (Lowther & Cink, 2006) et 
ce, en plus de fourrager les grains non-digeres dans les feces de ceux-ci. Moins frequemment, 
les adultes chassent les insectes au sol. Cependant, en periode de reproduction, les oisillons 
sont alimentes presqu'exclusivement d'arthropodes (Lowther & Cink, 2006; Mock et al., 
2009). 
Contexte et statut 
Le Moineau domestique, est un passereau non-migrateur en Amerique du Nord. Introduit a 
New York, E-U, dans les annees 1850, le moineau a rapidement elargi sa distribution a 
l'ensemble de PAmerique du Nord et en Amerique centrale (Lowther & Cink, 2006; Sibley, 
2007). Son association avec l'humain, specifiquement par sa preference pour les batiments 
anthropiques, ainsi que son adaptation rapide aux nouveaux environnements expliqueraient le 
succes de son etablissement (Martin & Fitzgerald, 2005; Summers-Smith, 1963). Le moineau 
est considere comme espece synanthrope (i.e. beneficiant des habitats modifies par I'homme; 
Johnston, 2001) et sa dependance est souvent qualifiee de commensalisme obligatoire 
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(Anderson, 2006; Ericson et al., 1997; Tsurim et al., 2008). Malgre que le Moineau 
domestique demontre des reponses positives aux changements anthropiques modernes et 
semble omnipresent, les populations de Moineau domestique ont diminuees recemment et 
mondialement de fa£on inquietante. En Amerique du Nord, ces declins se traduisent par des 
diminutions de 80% aux Etats-Unis, (Sauer et al., 2011) et de 75 % au Canada depuis 45 ans 
(Canadian Wildlife Services, 2011a) ainsi qu'un declin de 90% dans les provinces maritimes 
(Erskine, 2006). En Europe, les diminutions sont aussi marquantes: 36% en France en 40 ans 
(Galinet, 2003 in Vincent, 2005), 50% en Allemagne de 1988 a 1998 (Mitschke et al., 1999), 
60% en Angleterre depuis 40 ans et 70% en Espagne dans les 10 dernieres annees (Murgui & 
Macias, 2010). 
Subsequemment a une diminution de population de 60% depuis 1969,1'Angleterre a inclut le 
Moineau domestique a la liste rouge des especes preoccupantes du Royaume-Uni (i.e. Species 
of European concern in the UK; Eaton et al., 2009). Cette espece est aussi protegee par le 
Wildlife and Countryside Act 1981 depuis 2005 (RSPB, 2011). Cependant, le Moineau 
domestique est souvent considere comme une peste et une nuisance par plusieurs (Lowther & 
Cink, 2006; Plesser et al., 1983; Summers-Smith, 2005). Par exemple, certaines etudes 
suggerent que I'etalement du Moineau domestique ait ete nefaste en causant non seulement 
des pertes economiques importantes sur les terres cultivees aux Etats-Unis (Royall, 1969), en 
Nouvelle Zelande (Dawson, 1970), et en Europe (O'Connor, 1986; voir aussi les references 
dans Clergeau 2004), mais aussi le declin de diverses especes indigenes (MacGregor-Fors et 
al., 2010). Ainsi, l'interet de recherche pour cette espece est grand et justifie, non seulement 
car nous connaissons encore peu son ecologie en milieu agricole, mais aussi car le declin de 
chaque espece peut se reveler un indicateur important de la sante des ecosystemes. 
A la lumiere de ces informations, il est fort probable que la biologie du Moineau domestique, 
notamment sa diete generaliste et sa distribution fortement associee aux structures 
anthropiques, lui confere des avantages dans un environnement modifie par l'homme, comme 
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les milieux agro-intensifs. Bien que de nombreuses etudes portent sur differents aspects de la 
biologie du Moineau domestique (e.g. traits d'histoires de vie : Griffith, 2000 ; Jensen et al., 
2004; comportement: Lendvai et al., 2011 ; Schwagmeyer et al., 2002; succes reproducteur : 
Peach et al., 2008 ; Ringsby et al., 2009), encore peu se sont interesses a l'ecologie de cette 
espece en milieu rural Nord Americain. 
L'Hirondelle bicolore 
Habitat 
L'Hirondelle bicolore est un passereau migrateur de taille moyenne (~20 g; Sibley, 2007) se 
reproduisant typiquement dans les milieux ouverts tels que les pres, les champs, les marais et 
preferablement a proximite de zones humides (Robertson et al., 2011). Elle est cavernicole et 
depend des pics et des humains) pour creuser ses cavites de nidification. Cependant, la 
selection d'un site de nidification peut representer un defi. En milieu intensif, le deboisement 
important des zones marginales pour 1'exploitation maximales des surfaces cultivables font 
des cavites un facteur tres limitant pour la reproduction. Par consequent, cette rarete entrafne 
les individus a competitionner pour cette ressource, tant au niveau intra-specifique (Dunn & 
Hannon, 1991; Holroyd, 1975; Male et al., 2006), qu'inter-specifique (Meek & Robertson, 
1994; Rendell & Robertson, 1990). De plus, l'Hirondelle bicolore est une espece relativement 
philopatrique (Shutler & Clark, 2003; Winkler et al., 2004), ce qui peut contribuer a amplifier 
la pression de competition pour les ressources de nidification. 
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Diete 
L'Hirondelle bicolore se nourrit d'insectes volants, principalement de l'ordre des Dipteres et 
des Odonates (voir table 1. dans Robertson et al., 2011 pour la liste complete des etudes sur 
Falimentation de l'Hirondelle bicolore), tout comme l'alimentation de leurs oisillons 
(McCarty & Winkler, 1999; Robertson et al., 2011). L'abondance d'insectes volants risque 
done d'etre un element cle dans la selection de l'habitat de nidification pour la survie de 
l'Hirondelle mais aussi pour le nourrissage des jeunes. 
Contexte et statut 
Depuis 1980, les populations d'Hirondelle bicolore sont en declin a travers 1'Amerique du 
Nord (Nebel et al., 2010; Sauer et al., 2011). Plus specifiquement, au Canada, ces populations 
ont diminuees en moyenne de 2.8% par annee dans les 20 dernieres annees (1989-2009; p < 
0.05, Canadian Wildlife Services, 2011b) , et de 4.2% par annee dans la province de Quebec 
(1989-2009; p < 0.05, Canadian Wildlife Services, 2011b) . Ces diminutions coi'ncideraient, 
selon plusieurs auteurs, au declin des populations d'insectivores aeriens et seraient etroitement 
liees aux changements dans les pratiques agricoles contemporaines (Ambrosini et al., 2002; 
Moller, 2001; Nebel et al., 2010; Vickery et al., 2001; Wakelin & Hill, 2007). En analysant les 
associations cultures-insectes-oiseaux, Benton et al. (2002) ont constate que 1'intensification 
agricole affectait les oiseaux a travers les changements d'abondance et/ou de qualite des 
ressources alimentaires. lis proposent que les mecanismes probablement en cause incluent tout 
d'abord l'utilisation de pesticides, qui reduit directement le nombre d'insectes ou qui 
eliminent leurs plantes hotes. (Aebischer, 1990; de Snoo, 1999; Morris et al., 2005). Cette 
intensification agricole serait aussi responsable pour 1'elimination d'habitats marginaux non-
cultives tels que les haies brises-vent, servant de lieux d'alimentation, de nidification et de 
refuges pour nombre d'animaux (Fournier & Loreau, 1999; Newton, 2004). Troisiemement, 
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ces modifications engendreraient aussi I'homogeneisation des terres cultivees qui supporterait 
une moins grande diversite et abondance d'arthropodes (Benton et al., 2002). Ainsi, les 
milieux extensifs fourniraient une plus grande quantite de proies que les milieux intensifs 
grace a la composition et la structures des zones cultivables, a leur gestion (intensive ou 
extensive) et a la proximite des habitats marginaux (Benton et al., 2002). D'ailleurs, de recents 
resultats obtenus le long d'un gradient d'intensification agricole du Sud du Quebec, Canada, 
suggerent que les Hirondelle bicolore sont exposees a des quantites equivalentes de nourriture 
dans les milieux intensifs et extensifs durant la periode pre-eclosion, mais que ces conditions 
different une fois les oisillons eclos, ou une quantite moins importante d'insectes est 
disponible en milieux intensifs. Ainsi, une composante temporelle de la selection d'habitat par 
les hirondelles pourrait mener a une «trappe ecologique» et influencerait le succes 
reproducteur des individus « pris au piege » dans un habitat arborant moins de ressources 
alimentaires que presagees. (Rioux-Paquette & Belisle, 2011). 
Le long du meme gradient d'intensification agricole, Ghilain & Belisle (2008) ont egalement 
montre que le nombre d'oisillons a l'envol etait deux fois et demie moins eleve en milieu 
intensif et que 1'occupation des nichoirs par les Hirondelle bicolore diminuait en fonction de la 
superficie relative occupee par les cultures intensives. De plus, malgre que les oisillons 
atteignaient la meme masse a l'envol, la croissance des oisillons etait plus lente dans les zones 
cultivees intensivement et ce, malgre que les parents passaient moins de temps a l'interieur du 
nichoir et done possiblement en quete de nourriture (Lamoureux, 2010). En somme, ces 
resultats illustrent les impacts negatifs des transformations anthropiques en milieux agricoles 
sur differents aspects de la biologie de l'Hirondelle bicolore de meme qu'une portion des 
differents defis auxquels doivent faire face les especes champetres. 
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L'Hirondelle bicolore comme modele d'etude 
L'Hirondelle bicolore, tout comme le Moineau domestique, est une espece modele fort 
documentee. Facile a manipuler, et se reproduisant volontiers dans les nichoirs, cette espece 
est reconnue aujourd'hui comme une des especes les plus etudiees en Amerique du Nord 
(Jones, 2003). De plus, l'Hirondelle bicolore a ete utilisee comme bioindicateur de polluants et 
contaminants (e.g. PCB, DDE, mercure) que les individus bioaccumulent lorsqu'ils sont 
exposees a ces composes chimiques par l'ingestion d'insectes se retrouvant dans les eaux et 
les champs contamines (Brasso & Cristol, 2008; Dods et al., 2005; Mayne et al., 2005; 
Robertson et al., 2011). Conjugues aux resultats precedents sur l'ecologie de l'Hirondelle 
bicolore, ces informations mettent en lumiere l'importance des etudes de l'impact de 
l'intensification agricole sur la biologie de cette espece. Malgre tout, nous en savons encore 
peu sur les determinants de la selection de l'habitat et sur les impacts de la competition 
interspecifique chez l'Hirondelle bicolore, dont les populations chutent de fa?on inquietante. 
La competition interspecifique 
La competition est une force majeure dans les processus ecologiques qui faciliterait entre autre 
la divergence des especes (Dieckmann & Doebeli, 1999; MacArthur, 1972; Wiens, 1989) 
comme dans l'exemple bien connu des Pinsons de Darwin (Geospiza fortis et G. magnirostris; 
Grant and Grant, 2006; Lack, 1947). Schluter (1992) a aussi demontre 1'influence de la 
competition pour les ressources alimentaires dans la divergence des Epinoche a trois epines 
{Gasterosteus aculeatus) dans le detroit de Georgie en Colombie-Britannique. La competition 
menacerait aussi la biodiversite dans certaines conditions (Davis, 2003; Lehman & Tilman, 
2000; Newton, 1998), en plus de sculpter la structure des communautes (MacGregor-Fors et 
al., 2010; Sanders et al., 2003; Wiens, 1989). Par exemple, dans les communautes d'especes 
cavernicoles, la disponibilite des cavites pour les nicheurs secondaires est une ressource 
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limitee par l'abondance de nicheurs primaires qui excavent ces cavites (Martin & Eadie, 
1999). Ainsi, ces communautes sont structurees par la competition a deux niveaux : soit entre 
especes excavatrices (nicheurs primaires), par la disponibilite des arbres preferes pour leurs 
caracteristiques d'excavation, soit entre nicheurs secondaires pour les cavites excavees par les 
nicheurs primaires.. 
Les nicheurs en cavites dependent ainsi du nombre de cavites disponibles, mais aussi de la 
structure de la vegetation. Analogues aux reseaux trophiques, ces communautes sont 
structurees hierarchiquement et une interdependance majeure existe entre ses membres 
(Martin & Eadie, 1999). Ainsi, des modifications a la structure du paysage, ressource centrale 
comparable aux producteurs primaires d'une chaine alimentaire, pourraient avoir des impacts 
a travers toute la communaute. Plusieurs etudes ont aussi demontre I'influence de la structure 
du paysage sur la competition intra- et inter-specifique dans les communautes cavernicoles. 
Dans la vallee de Beaverfoot en Colombie-Britannique, le stade de succession de la foret 
influence la presence de nicheurs secondaires (Holt & Martin, 1997). Chez les especes non-
aviaires, Holzschuh et al. (2010) ont demontre que les modifications a la composition et a la 
configuration engendrees par l'utilisation intensive du paysage agricole reduirait la qualite 
de 1'habitat de colonisation des nids par les abeilles, les guepes et leurs parasitoi'des. En 
somme, la configuration du paysage a large echelle (e.g. proximite entre habitats de 
nidification et d'alimentation: Lawler and Edwards, 2002a,b; orientation d'une parcelle 
d'habitat par rapport aux trajectoires migratoires, Gutzwiller and Anderson, 1992) et a echelle 
plus fine (e.g. caracterisation du site excave: Gutzwiller and Anderson, 1987) ainsi que les 
interactions biologiques (e.g. competition : Wiebe, 2003; Dobkin et al., 1995) sont des facteurs 
determinants de 1'ecologie des especes cavernicoles. 
En plus de nicher dans des milieux homogeneifies par les systemes agro-intensifs, les nicheurs 
secondaires comme l'Hirondelle bicolore sont plus vulnerables a la competition pour les sites 
de nidification, etant dependant des excavateurs de cavites. Ghilain et Belisle (2008) ont 
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observe que l'occupation des nichoirs par les Hirondelle bicolore est plus faible a proximite 
des batiments, offrant refuges, nourriture et sites de nidification aux competiteurs, les 
Moineaux domestiques. lis suggerent done qu'en plus de I'influence du paysage agricole, la 
competition pour les cavites de nidification soit egalement un enjeu dans la selection de 
I'habitat de l'Hirondelle bicolore. Quoique la competition pour les ressources de maniere 
generate soit un sujet largement documente (Charter et al., 2010; Finch, 1990; Gustafsson, 
1987; Minot & Perrins, 1986; Wiens, 1989), 1'ecologie du Moineau domestique en Amerique 
du Nord et l'importance de la competition entre ce dernier et l'Hirondelle bicolore demeurent 
peu connues. Par ailleurs, le Moineau domestique occupe une proportion croissante des 
nichoirs installes pour une etude longitudinale sur l'Hirondelle bicolore au sein d'un gradient 
d'intensification agricole dans le Sud du Quebec, Canada (fig. 1; voir Ghilain et Belisle 2008), 
ce qui offre une opportunity unique d'etudier non seulement la competition interspecifique 
entre ces deux especes mais aussi I'influence de Pintensification du paysage sur ces ceux-ci et 
sur leurs interactions. Connaitre les determinants de l'abondance et de la distribution a petite 
et grande echelle du Moineau domestique permettra d'approfondir nos connaissances sur la 
pression de competition pour les sites de nidification qu'il cree dans ces environnements. 
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Figure 1. Occupation annuelle des 400 nichoirs installes au sein d'un gradient ^intensification 
agricole du Sud du Quebec, Canada, pour l'Hirondelle bicolore (ligne noire pleine) et pour le 
Moineau domestique (ligne noire pointillee). Les nichoirs vides sont representes par la ligne 
pointillee grise. 
Buts de I'etude et hypotheses 
Un defi majeur en ecologie du paysage est de distinguer les nombreux efFets potentiels que le 
paysage peut avoir sur les differents processus ecologiques. L'intensification agricole est 
souvent complexe, definie de fa?on imprecise et implique de multiple composantes 
interdependantes (Chamberlain et al., 2000) qui peuvent se confondre si les facteurs impliques 
sont analyses independamment (Newton, 2004). Cependant, tres peu d'etudes ont analyse les 
repercussions que le paysage pouvait avoir sur I'abondance d'espece et les interactions 
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biologiques concernees. Cette etude comporte deux objectifs. Dans un systeme d'etude de 400 
nichoirs distribues au sein d'un gradient d'intensification agricole, j'evaluerai, premierement, 
les determinants de I'abondance des Moineau domestique dans les milieux agricoles du Sud 
du Quebec. Deuxiemement, je quantifierai Pinfluence de la structure du paysage et de la 
competition interspecifique des Moineau domestique sur l'occupation de nichoirs d'une 
population d'Hirondelle bicolore. Plusieurs hypotheses sont envisageables. A ce titre, la figure 
2 illustre les interactions probables dans le systeme d'etude utilise. L'intensification agricole 
peut avoir des effets directs sur I'abondance du Moineau domestique et de l'Hirondelle 
bicolore ((T)). Indirectement, ces alterations anthropiques peuvent aussi affecter leurs 
abondances soit par la disponibilite en ressources alimentaires (i.e. insectes pour l'hirondelle 
et les jeunes moineaux, grains pour les moineaux adultes), soit par la disponibilite des sites de 
nidification (i.e. cavites pour les hirondelles, batiments pour les moineaux; (2)). Je pose tout 
d'abord l'hypothese que l'intensite du paysage agricole influencera positivement I'abondance 
de Moineaux domestiques de par la densite de batiments de fermes plus eleves en milieux 
intensifs et par la disponibilite de ressources alimentaires (plus grandes quantite de grains 
distribues aux animaux de ferme ainsi que de grains vegetaux). Aussi, je pose l'hypothese que 
l'occupation des nichoirs par l'Hirondelle bicolore sera plus grande en milieu extensif ou la 
densite d'arthropodes serait plus importante qu'en milieu intensif par une utilisation moindre 
des pesticides et fertilisants. Base sur les resultats precedents de 1'impact de 1'intensification 
agricole sur l'ecologie de l'hirondelle (Ghilain & Belisle, 2008; Lamoureux, 2010) ainsi que 
des observations de competition interspecifique avec le Moineau domestique, je predis que la 
presence et I'abondance du Moineau domestique influencera negativement l'occupation des 
nichoirs par l'hirondelle. En somme, la competition interspecifique serait exacerbee par le 
paysage. A notre connaissance, cette etude serait la premiere a analyser la dynamique de 
competition entre une espece potentiellement avantagee par les paysages agricoles intensifs et 
une espece defavorisee par ce meme environnement. 
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Figure 2. Schema des relations et interactions hypothetiques entre le Moineau domestique 
(MODO) et l'Hirondelle bicolore (HIBI) au sein d'un gradient ^intensification agricole du 
Sud du Quebec, Canada. Les lignes pleines illustrant les influences deja connues et 
demontrees dans la litterature. Les lignes pointillees representent les predictions apportees 
dans cette etude. 
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CHAPITRE 1 
THE SPARROW, THE SWALLOW AND THE MEADOW: 
A TALE OF LANDSCAPE-MEDIATED COMPETITION 
Robillard A, Garant D, Belisle M. 
MISE EN CONTEXTE 
L'etude presentee dans ce chapitre vise a faire la lumiere sur les efFets de l'intensification des 
pratiques agricoles sur I'abondance du Moineau domestique en milieu rural, ainsi que sur la 
competition interspecifique de cette espece avec I'Hirondelle bicolore. Les auteurs de cette 
etude sont Audrey Robillard, Dany Garant et Marc Belisle. Audrey Robillard a contribue de 
fa?on majoritaire a toutes les etapes de ce projet soit: la recolte de donnees sur le terrain, la 
gestion des bases de donnees, 1'elaboration des questions de recherches, les analyses 
statistiques, 1'interpretation des resultats ainsi que la redaction de la premiere ebauche de 
l'article qui suit. Mon directeur, Marc Belisle a encadre ce projet de recherche. II a aussi 
revise toutes les versions de cet article, tout comme mon co-directeur, Dany Garant. L'article 
presente ici est le cceur de ce memoire et sera soumis a Landscape Ecology, une revue 
scientifique de calibre international. 
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ABSTRACT 
Maximizing agroecosystem yields to meet the needs of a growing human population has 
resulted in diverse negative consequences for the agrifauna. Intensification of farming 
practices is now pointed as a key actor in the population declines of many species, including 
the highly affected aerial insectivores. Moreover, where resources are limiting in intensive 
landscapes, competition also drives population changes. Although the literature acknowledges 
that many variables affect simultaneously changes in population numbers, factors are often 
studied independently. Here, we analysed the combined effects of intensification and 
competition on the abundance of House sparrows and the nest box occupancy of Tree 
swallows. We assessed the influence of agricultural intensification on House sparrows (Passer 
domesticus) and its competitive interactions with Tree swallows (Tachycineta bicolor), a 
species likely disavantaged by these farming practices. We first assessed the determinants of 
House sparrow abundance, by conducting 5200 1-minute point counts in 40 farms over a 
gradient of agricultural intensification in southern Quebec, Canada. Using N-mixture models 
to account for imperfect detection, we found that, as expected, sparrows were more abundant 
in agro-intensive systems, especially in interaction with cattle and building density. Then, we 
illustrated using mixed models that swallow nest-box occupancy was reduced by the density 
of sparrows and by proximity to buildings, that offer shelter and nest sites to sparrows. 
Therefore, landscape structure had opposite influences on these two species, exacerbating the 
competition pressure on swallows. These results highlight the important role of anthropogenic 
alterations on agro-ecosytems and illustrate a landscape-mediated avian competition pressure 
that has, to our knowledge, never been documented in farmscapes. Considering that both 
species are declining rapidly, this research emphasizes the importance of multi-factor and 
multi-species analyses to disentangle the factors of population decline. 
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INTRODUCTION 
Over the last several decades, humans have increasingly altered landscapes for economic 
development, a trend that shows no signs of deceleration (Guo et al., 2010; Vitousek et al., 
1997). To meet agricultural needs of the growing population worldwide, the surface of 
cultivated lands has increased by 466% since the 1700s. Intensification of agriculture has 
shifted farming landscapes from small heterogeneously cultivated fields (extensive cultures), 
to vast uniform monocultures (intensive cultures). In these human-altered ecosystems, 
biodiversity has been reduced (Benton et al., 2003; Chapin et al., 2000; Donald et al., 2001; 
Tscharntke et al., 2005), as a result of key ecological processes being affected at the individual 
(Brickie et al., 2000; Phillips & Alldredge, 2000; Robinson et al., 1995), population (Boatman 
et al., 2004; Fischer et al., 2011; Shaw et al., 2008) and community (Rodewald et al., 2011; 
Roy et al., 2004) levels. 
The expansion of "industrial agriculture" is recognized as a major contributor to the decline of 
several species of farmland birds (Chamberlain et al., 2000; Donald et al., 2001; Vickery et al., 
2001). Indeed, over the last decades, farmland bird populations have declined rapidly in North 
America and Europe (Donald et al., 2001; Sauer et al., 2011). Declines have also been 
observed in the guild of aerial insectivores, birds feeding mostly on flying insects (Nebel et al., 
2010). These major declines have been generally attributed to lack of food and/or scarcity of 
nesting sites (Benton et al., 2002; Evans et al., 2007). More specifically, increased use of 
pesticides in intensively managed farms has led to depleted food resources (e.g. invertebrates; 
Benton et al., 2002). At the same time, the destruction of non-cultivated parcels and marginal 
habitats for maximal land use reduced the availability of nesting sites and cavities (Holroyd, 
1975; Stutchbury & Robertson, 1985). Although decreases in invertebrate prey availability and 
loss of nesting sites in intense farmscapes have been well documented, it remains difficult to 
identify factors responsible for the decline of a given species, which are often numerous, 
interconnected, and most likely additive. Although many studies have assessed the influence 
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of a particular human alteration on the landscape (e.g. fragmentation, intensification, habitat 
loss), few studies have examined the impacts of landscape modifications on multi-species 
ecological interactions. Yet, changes in agricultural practices may have multi-trophic effects 
on both competition and predation levels. Whittingham & Evans (2004) reviewed the effects 
of landscape changes on predation risk. In intensive farmlands, predators are attracted to high 
densities of breeding birds that have been constrained in smaller areas because of habitat loss 
(Pescador & Peris, 2001), and by increased begging of starving chicks because of depleted 
food resources (Evans & Smith, 1994). Landscape structure has also influenced assemblage 
and abundance of species. Lawler and Edwards (2002a) showed that species richness and 
abundance were greater in sparsely than in densely treed meadow. As such, the size, shape, 
degree of isolation and vegetation structure of Wyoming streamside woodlands affected 
cavity-nesting bird species richness and abundance (Gutzwiller & Anderson, 1987). On the 
other hand, competition is known to shape community structure (MacGregor-Fors et al., 2010; 
Sanders et al., 2003; Wiens, 1989). For instance, nest-webs are competition-structured 
communities of cavity-nesting birds (Martin & Eadie, 1999). Primary cavity nesters play a 
crucial role at excavating cavities, later used by secondary cavity nesters. Landscape 
modifications affecting any one of the nidic levels, the equivalent of trophic levels in food 
webs, may unbalance the strong interdependencies of its members (i.e. trees, cavity excavators 
and secondary cavity nesters), leading to competition for nesting resources and limiting 
cavity-nesting populations. Landscape-mediated effects may thus have a larger spectrum of 
influence than currently supported in the literature. 
In this study, we assessed competitive interactions between House sparrows (Passer 
domesticus) and Tree swallows (Tachycineta bicolor) in an agricultural landscape. Tree 
swallows are declining throughout Eastern North America (Nebel et al., 2010): in Canada, 
they have declined by 2.8% per year in the last 20 years (1989-2009; p < 0.05, Canadian 
Wildlife Services, 2011b) and in the province of Quebec, Canada, they have declined at a 
yearly rate of 4.2% (1989-2009; p<0.05, Canadian Wildlife Service 2011b). Tree swallows 
(TRSW) are migratory passerines and secondary cavity-nesters. Typically found in meadows, 
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wetlands and other open habitats, they feed mostly on diptera (Robertson et al., 2011). Like 
other aerial insectivores, Tree swallows are impacted by changes in agricultural practices and 
land use (Ambrosini et al., 2002; Ghilain & Belisle, 2008; Moller, 2001; Poulin et al., 2010; 
Wakelin & Hill, 2007). Tree swallows readily use nest boxes, their breeding biology is well-
known, and they are easily to manipulate without risking brood desertion, which makes them 
an excellent model species to evaluate the impacts of landscape structure on avian ecology 
(Jones, 2003). 
Nesting preferences and breeding success of Tree swallows is influenced by agricultural 
intensification, probably through depletion of insects, but also potentially through competition 
for nesting sites with the introduced House sparrow (Ghilain & Belisle, 2008). House 
sparrows (HOSP) were introduced from Europe, in the United States in the 1850s and rapidly 
extended their range throughout North and Central America (Lowther & Cink, 2006; Sibley, 
2007). Yet, despite their ubiquitousness, House sparrows are presently declining worldwide. 
This species was put on the red list of Species of European concern in the UK (Eaton et al., 
2009) in 2002 after a 60% population decline. However, House sparrows are also considered 
as a pest species by many (Lowther & Cink, 2006; Plesser et al., 1983; Summers-Smith, 1988, 
2005). For example, numerous studies suggested that House sparrows cause economic losses 
and agricultural damages (Clergeau et al., 2004; Dawson, 1970; O'Connor, 1986) as well as 
native species loss (MacGregor-Fors et al., 2010). Their fierce nature and their resident status 
confer them great advantages over migrant species in regards to habitat selection through 
precedence of occupation. House sparrows can evict and kill other birds, as well as usurp their 
nests (Gowaty, 1984; Houston, 1987; Lowther & Cink, 2006; Newton, 1998; Summers-Smith, 
1963). Nesting in buildings, nest-boxes and occasionally trees and shrub, this species can 
produce up to four broods a year (Lowther & Cink, 2006). Interspecific competition for 
nesting cavities is thus likely important in the habitat selection of Tree swallows. Yet, while 
this competition has been largely documented for different species (Charter et al., 2010; Finch, 
1990; Gustafsson, 1987; Minot & Perrins, 1986), both the ecology of North American 
farmland House sparrows and the importance of their competition with Tree swallows are 
scarcely studied. Therefore, learning about the determinants of House sparrows abundance and 
distribution at small and large scale will likely provide useful insights on the competition 
pressure they are responsible for in these environments. 
Little is known on the ecology of the House sparrow in North American farmlands. 
Specifically, here we first assess the determinants of abundance and distribution of House 
sparrows over a large agricultural area in Southern Quebec, Canada. We then evaluate the 
influence of landscape features and competition from House sparrows on the nest-box use of 
Tree swallows. Various scenarios are plausible when assessing the influence of agricultural 
intensification on competition in our study system. First, agricultural intensification may have 
direct effects on the abundance of House sparrows and Tree swallows. Indirectly, anthropic 
modifications to landscape structure may also affect their abundance either by resource 
availability (i.e. insects for swallows and young sparrows, grains for adult sparrows), or by 
nesting site availability (i.e. cavities for swallows, buildings for sparrows). I hypothesize that 
intensiveness of the landscape positively influences sparrows' abundance because of greater 
building densities in agro-intensive areas and grain pool (grain fed to farm animals and vegetal 
grains). I also hypothesize that nest box occupancy by swallow be greater in extensively 
managed farms where densities of arthropods might be less affected by pesticide use. Based on 
previous results (Ghilain & Belisle, 2008; Lamoureux, 2010) and observations of interspecific 
competition events with House sparrows, I predict that the presence and abundance of 
sparrows will reduce occupancy of nest box by swallows. In short, we expect that interactions 
between the two species would be exacerbated by landscape variables. To our knowledge, this 
study is the first to assess the competition dynamics between a species potentially advantaged 
in intensely managed farmscapes, and another on that is disadvantaged in the same 
environment. 
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METHODS 
Study area 
Field work was carried out in Southern Quebec, Canada (fig. 3). Our study system comprises 
40 farms embracing an east-west gradient of agricultural intensification over 10,200 km2. On 
each farm, 10 nest boxes (400 in total) were installed in 2004 for a longitudinal study on Tree 
swallows (see Ghilain and Belisle, 2008 for details). Nest boxes were spaced by 50 m and ran 
generally in a linear fashion from the farm buildings to the fields (fig. 4), thereby acting as 
focal points for transects of bird counts (Buckland, 2001). The gradient of cultivated fields 
ranged from extensive, small-scale family farms (hayfields, pasture, fallows, livestock 
farming) surrounded by marginal habitats (wetlands, hedgerows, forest patches) to intensive, 
large-scale, continuous row crop fields (maize, soybean, and other cereals) with advanced 
mechanization, and high inputs of pesticides and fertilizers (Jobin et al., 2005). 
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Figure 3. Distribution of the 40 farms in Southern Quebec, Canada, where House sparrow 
abundance and Tree swallow nest-box occupancy were measured from 2008-2010. The 
landscape was characterized from Landsat-TM satellite images (Canadian Wildlife Services 
2004) and comprised different land types shown in the legend. Coordinates indicate the 
distance (m) from the reference point in a Lambert conformal conic projection. 
Figure 4. Linear arrangement of nest-boxes at farm #24, Saint-Pie-de-Guire, Quebec, Canada, 
used for point count transects. Nest-boxes are usually linearly arranged, although some farm 
settings limited this disposition. 
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Habitat characterization 
Characterization of the different landscape parcels was done on the field using aerial 
photographs (scale 1:40 000, Ministere des Ressources Naturelles et de la Faune 2000) and 
visual identification. Land cover types included 1) intensive cultures (corn, soy, other cereals, 
fruits and vegetables as well as other annual cultures), 2) extensive cultures (biological 
cultures, pasture, fallows, and other perennial cultures), 3) water bodies, 4) forested areas, and 
5) urban areas (buildings and roads). Information was georeferenced using ArcGIS 9.3 (ESRI, 
2008) and proportions of each type of land cover were extracted using the Python 2.7.1 
programming language (Python Software Foundation, 2010). High collinearity between 
intensive and extensive cultures (Pearson's correlation coefficient for 2008-2010: range -0.81 
to -0.84), and intensive cultures and forest cover (Pearson's correlation coefficient for 2008-
2010: -0.67 to -0.70) did not allow us to use these variables simultaneously in models; only the 
proportion of intensive cultures was used. 
House sparrow counts 
Point counts were used to estimate pre-hatching abundance of adult House sparrows. Three 
visits to each farm were carried out in 2008, and 5 visits in 2009 and in 2010. Each bird was 
counted once during a 10 minute transect (1 minute observation per nest-box, 5200 minutes 
total) and birds in flight were excluded. Considering the ubiquitous nature of the species and 
the simplicity of the vegetation structure in open farmlands, 10 minutes point counts were 
sufficient to localise all birds without double counting. Using binoculars, we counted every 
bird sighted or heard at any distance around 360 degrees of the observation spot (unlimited 
radius point counts). Sampling was done from 0800 to 1800. Time of day had no effect on the 
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probability of detection (p > 0.40 across years using a global model, see below). Bird 
localisations were mapped on an aerial photograph of each farm to describe their distribution 
patterns. Distances between farms range from 1.8 km to 103.1 km (mean ± SD: 42.2 ±21.1 
km), enough to preclude sightings of the same bird on different farms, since House sparrows 
are highly faithful to their sites, usually disperse less than 2 km (Summers-Smith 1963, 1988), 
and their mean home range is less than 2 ha (A. Robilllard, unpublished data). Thus, observed 
birds were considered as local breeders at the time of sampling. At each visit, we recorded 
temperature and observer identity (two observers in 2008 (#1 and #2) and 2009 (#2 and #3), 
one observer in 2010 (#3)). For each farm, we calculated the mean proportion of 1) intensive 
cultures, 2) extensive cultures, 3) forest, 4) water bodies, as well as 5) the distance between 
each nest-box and the nearest building, 6) the total building perimeter (km) 7) and the cattle 
density (including the numbers of cows, sheep and horses) measured within a 500-m radius 
around each nest-box. Wind speeds were obtained from the National Climate Data and 
Information Archive measured at Environment Canada's closest meteorological station from 
each farm (Environment Canada, 2011). 
Nest-box occupancy by Tree swallows 
The 400 nest-boxes were surveyed every other day for an extensive study of the ecology of 
Tree swallows (see Ghilain and Belisle, 2008 for details). A nest-box was considered occupied 
by a bird when at least one egg had been laid. 
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Statistical analysis 
Abundance of House sparrows 
We used N-mixture models to assess the determinants of House sparrows in farmlands (Royle, 
2004). These models estimate the abundance of a species from replicated counts while 
correcting for an imperfect probability of detection (Kery, 2008). They use a mixture of 
binomial distribution for estimating detection probability and any other distribution for 
estimating abundance. For our analyses, we used a Poisson distribution for bird abundance as 
we found no sign of overdispersion based on c-hat values and a binomial distribution for the 
detection probability for each bird. We modeled abundance independently for each year as 
multi-year N-mixture models are not available. These models also allow the inclusion of 
separate covariates for abundance (X; that vary at each site, but not in time) and for detection 
(p; that can vary at each site and through time). In our models, we originally included the 
detection variables observer identity and wind speed, but retained them only for the 2009 
models as they had no significant effect in other years. Abundance variables included: 
intensive cultures, cattle density, distance to nearest building, total building perimeter and the 
interactions between intensive cultures and total building perimeter as well as the interaction 
between total building perimeter and cattle density. Covariates were centered on the mean to 
reduce collinearity (Aiken & West, 1991). Justifications and definitions of variables are 
presented in table 1. We fitted N-mixture models within the R statistical software (version 
2.10.1, R Development Core Team 2009) using the pcount function in the "unmarked" 
package (Fischke and Chandler, 2010, version 0.8-7). 
To assess the determinants of House sparrow abundance, we built models based on thematic 
groups of covariates: 1) food (intensive cultures, cattle), 2) nesting sites/refuge (total building 
perimeter, distance to closest building), and 3) landscape (intensive cultures). We also included 
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biologically-relevant interactions among covariates (table 1). Model Selection is presented in 
table 2. 
Table 1. Justifications for the variables used when modelling House sparrow (HOSP) 
abundance in agricultural landscapes of southern Quebec, Canada. (1) Drapeau et al. (1999); 
(2) Lowther & Cink (2006); (3) (Perkins et al., 2007); (4) Summers-Smith (1963); (5) 
Gruebler et al. (2010); (6) Sauer et al. (1995). 
Explanatory variables Abbreviation Justification Ref 
Detection Probability 
Wind speed (km/h) 
Observer identity 
Abundance 
Intensive crops (500m radius) 
Total building perimeter (km) 
Mean distance between nest-
boxes and nearest building (m) 
Mean number of cattle per 
farm per year 
Interaction Int*buildperi 
Interaction buildperi* cattle 
WIND Detection and hearing of birds lessened with higher winds 
OBS Detection of birds may vary with experience, knowledge 
or condition of observer 
int Provide main food resources : grains 
buildperi High association with buildings (refuge, nesting sites) 
distbuildbox Association with buildings and potential of usurpation of 
nestboxes closer to structures 
cattle Provide food resources (grains found in feces) or insects 
for chicks provisionning 
lnt*bu»Idperi We expect a non-linear increase of HOSP in areas where 
both food and nesting sites abound 
Buildperi*cattle We expect higher densities of HOSP in intensive areas 
where animals are left to graze outside 
2,3 
4,2 
4,2 
4,5 
We compared models using Aikaike information criterion corrected for small sample size 
(AICc) and performed multi-model inference following Burnham & Anderson (2002). We 
report unconditional errors and 95% confidence intervals for each explanatory variable 
considered. 
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Table 2. Model selection for House sparrow abundance in agricultural landscapes of southern Quebec, Canada. Models 
account for imperfect detection (Royle, 2004) where p represents the intercept of the probability of detection and X the intercept 
of abundance. 2008: n=120; 2009: n=200,2010: n=200. See table 1 for explanation of variables. 
Models A AIC K w, 
2008 
model 3 ~ 1~ int+building+cattle+building*cattle 0.000 6 0.762 
Global2008 ~ 1 ~ int+building+cattle+distbuildbox+in500*building+building*cattle 2.322 8 0.238 
model_2 ~ 1~ int+building+distbuildbox+in500*building 58.122 6 0.000 
model_4 ~ 1~ int 82.796 3 0.000 
model_5 ~ 1~ building+distbuildbox 103.417 4 0.000 
model 6 - 1~ 1 148.342 2 0.000 
2009 
model 3 ~ OBS+WIND- int+building+cattle+building*cattle 0.000 8 0.810 
Global2009 ~ OBS+WIND- int+building+cattle+distbuildbox+in500*building+building*cattle 2.897 10 0.190 
model_2 ~ OBS+WIND~ int+building+distbuildbox +in500*building 49.620 8 0.000 
model_4 ~ OBS+WIND- int 83.391 5 0.000 
model_5 - OBS+WIND- building+distbuildbox 95.513 6 0.000 
model_6 - OBS+WIND- 1 133.204 4 0.000 
model 7 - 1- 1 140.788 2 0.000 
2010 
Global2010 ~ 1 ~ int+building+cattle+distbuildbox+in500*building+building*cattle 0.000 8 1.000 
model_3 ~ 1~ int+building+cattle+building*cattle 15.807 6 0.000 
model_2 ~ 1~ int+building+distbuildbox+in500*building 32.710 6 0.000 
model_4 ~ 1~ int 67.985 3 0.000 
model_5 ~ 1~ building+distbuildbox 75.186 4 0.000 
model 6 ~ 1~ 1 129.925 2 0.000 
K) OO 
Nest-box occupancy by Tree swallows 
We modeled nest-box occupancy by Tree swallows using generalized linear mixed models 
with farm identity as random factor, using a logit link function and a binomial error 
distribution. Models were fitted with the Imer (package lme4 version 0.999375-35) function 
run in the R statistical environment (version 2.10.1; R development Core Team 2009). While 
models were fitted under maximum log-likelihood to compute AICc values (see below), 
coefficient estimates were obtained under restricted maximum log-likelihood (REML; Vaida 
& Blanchard (2005)). Model likelihoods were evaluated with the Laplacian approximation. 
We built models using combinations of variables (table 3) that formed thematic groups: 1) 
landscape and habitat selection variables (previous occupancy in nest-boxes, proportion of 
intensive cultures, number of manure tanks, proportion of water bodies, cattle abundance, 
previous year fledging success) and 2) competition variables (distance to nearest building, 
total building perimeter and number of House sparrows on farm). Models were compared and 
multimodel inference performed based on AICc according to Burnham & Anderson (2002) and 
Vaida & Blanchard (2005). 
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Table 3. Justification of explanatory variables used when modelling Tree swallow (TRSW) nest-box occupancy in agricultural 
landscapes of southern Quebec, Canada. Themes of covariates used to build models (see table 5) include landscape and habitat 
selection (L) and competition (C). (1) Part & Doligez (2003) ; (2) Winkler et al. (2004); (3) Ghilain & Belisle (2008); (4) 
Gruebler et al. (2010); (5) Robertson et al. (2011); (6) Summers-Smith (1963); (7) Lowther & Cink (2006). 
Explanatory variables Theme Abbreviation Justification Ref. 
Year year Interannual variability 
Tree swallows prospect for nest-boxes post-
Previous year occupancy in nest-box by TRSW L prev.occ. breeding and are highly philopatric 1 , 2  
Intensive management may reduce prey 
Intensive cultures (radius: 5km) L int availability 3 
Provide habitats for aerial insects preys to 
Manure tanks L tanks foraging Tree swallows 4 
Tree swallows forage over water when 
Water (radius: 5km) L water available 5 
Provide habitats for aerial preys to foraging 
Cattle abundance (radius: 500m) L cattle Tree swallows 4 
Previous year fledging success (no. Chicks fledged/no. Tree swallows prospect for nest-boxes post-
chicks born) L prev.fledg.succ breeding and are highly philopatric L2 
Buildings act as refuge and nesting sites for 
Distance between the nest-box and the closest building C dist.build.box competitors (e.g. House sparrows) 6 
Total building perimeter (all buildings within 500m around Competitors use buildings' roofs (mainly 
nest-box; in km) C build.perim contours) for nesting 7 
Number of House sparrows (HOSP) on farm c num.HOSP Competitors 3 
u> 
o 
RESULTS 
Abundance of House sparrows 
We detected 1860 House sparrows during 5200 point counts in 40 farms, with a maximum of 
12 birds per count (mean ± SD: 0.36 ± 1.41). Some sites were consistently more occupied than 
others through the years, and absence of any House sparrows occurred only on three farms. 
Mean number of House sparrows detected on each farm were highly correlated, both in 
consecutive and non-consecutive years (/'2oo8-9:=0.84, r2oo9-io=0.81, r2oo8-io~0.74). Abundance 
of House sparrows (corrected for imperfect detection probability) did not vary among years 
(mean corrected number of birds per site ± SD: 2008: 8.48 ± 1.14; 2009: 8.04 ± 1.11; 2010: 
7.98 ± 1.11). 
The abundance of House sparrows increased with the proportion of intensive cultures, the total 
building perimeter, and cattle abundance in all years (table 4). Although the effect of building 
perimeter diminished as the intensiveness of the landscape increased in 2008 and 2010 (fig. 5 
a-c), it increased with cattle density in 2010 (fig. 6 d-f). The abundance of House sparrows 
thus peaked at sites with a high proportion of intensive cultures, a high amount of building 
perimeter, and a high cattle density. Contrary to our expectations, however, the mean distance 
separating the point count (nest-box) from its closest building on a farm did not affect the 
abundance of House sparrows. 
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Table 4. Factors influencing the probability of detection (p) and the abundance (X.) of House 
sparrow in agricultural landscapes of southern Quebec, Canada. Model-averaged coefficients 
(0) are presented with their unconditional standard error (uncond. SE) and 95% confidence 
intervals. See table 1 for explanation of variables and table 2 for the set of models. 
2008 
Mean weigthed coeff. (0) uncond SE lower CI upper CI 
Intercept for X 2.136 0.129 1.883 2.389 
Intercept for p -0.362 0.197 -0.748 0.024 
int 2.404 0.289 1.838 2.970 
building 0.593 0.093 0.410 0.776 
cattle 0.026 0.004 0.018 0.033 
distbuildbox 0.257 0.526 -0.774 1.287 
int*building -1.075 0.224 -1.515 -0.636 
building41 cattle 0.003 0.011 -0.018 0.023 
2009 
Intercept for X 2.071 0.102 1.870 2.271 
Intercept for p -0.527 0.167 -0.854 -0.199 
OBS -0.300 0.120 -0.534 -0.065 
WIND 0.014 0.006 0.002 0.027 
int 2.367 0.288 1.802 2.933 
building 0.236 0.061 0.116 0.356 
cattle 0.029 0.004 0.022 0.036 
distbuildbox 0.160 0.576 -0.969 1.289 
int*building -0.340 0.275 -0.879 0.199 
building*cattle 0.007 0.004 -0.001 0.015 
2010 
Intercept for p -0.701 0.131 -0.958 -0.444 
Intercept for X 2.077 0.105 1.870 2.283 
int 2.178 0.291 1.607 2.748 
building 0.602 0.090 0.426 0.778 
cattle 0.051 0.052 -0.051 0.154 
distbuildbox 0.195 0.551 -0.884 1.274 
int*building -0.956 0.220 -1.387 -0.525 
building*cattle 0.017 0.008 0.002 0.032 
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Figure 5. (a,b,c): Abundance of House sparrows as a function of the interaction between 
intensive cultures and building perimeter for the years 2008 to 2010 : solid line: mean 
building perimeter (1.5km); black squares: large building perimeter (2.06-5.16km); white 
triangles: Median building perimeter (913m-2.06km); black circles: small building perimeter 
(89m-912m)). (d,e,f): Abundance of House sparrows as a function the interaction between 
building perimeter and cattle density measured as cattle heads for the years 2008 to 2010: full 
line: Mean cattle density; stars: low cattle density; dashed line: Median cattle density; dotted 
line: high cattle density. For graphical purposes, only 3 lines of predicted abundance have 
been drawn using the 1st quantile, the median and the 3rd quantile of either 1) total building 
perimeter (a-c) or 2) mean cattle density (d-f). 
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Nest-box occupancy by Tree swallows 
Between 2005 and 2010, occupancy of nest-boxes by Tree swallows in our system has 
declined by 19% (mean ± SD: -4.2 ± 3.4% per year; fig.6). On the other hand, House 
sparrows' occupancy has increased by 12.5% (mean ± SD: 2.5 ± 5.8%; fig.6). Occupancy of 
nest boxes by Tree swallows is not necessarily inversely proportional to occupancy by House 
sparrows, because each species is capable of evicting the other and some nest boxes remain 
empty every year (fig. 6) or are used, albeit at low frequencies, by other birds (mean annual 
occupancy ± SD: Eastern bluebird (Sialia sialis): 2.07 % ± 0.84; House wren (Troglodytes 
aedori): 0.21 % ± 0.37; Black-capped chickadee (Poecile atricapillus): 0.14% ± 0.13). 
The model containing both landscape and competition variables clearly ranked as best based 
on AICc compared to models that contained only one of those two groups of thematic variables 
(table 5). Based on this model, nest-boxes were more likely to be occupied by Tree swallows if 
swallows fledged from it in the previous year, if the distance separating the nest-box was from 
the closest building was high, and the number of House sparrows on the farm was low (table 
6). Indeed, Tree swallow occupancy increased by 24% when swallows fledged from the box in 
the previous year (fig.7c). All of the nest boxes located further than 502m from buildings were 
occupied by Tree swallows only (fig. 7a). Nest-box occupancy by Tree swallows reached 
nearly 90% in farms where House sparrows were absent and dropped to approximately 20% 
when House sparrows were at their highest densities (fig. 7b). Contrary to our predictions, 
variables relevant to farmland management at a spatial scale relevant to foraging by Tree 
swallows (i.e. 5-km radius) had no effect on nest box occupancy by Tree swallows when 
variables pertaining to competition were taken into account (table 6). 
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Figure 6. Annual nest-box occupancy by Tree swallows (straight black line) and House 
sparrows (dashed black line). Empty nest-boxes depicted in gray dashed line. 
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Table 5. Model selection for the probability of nest-box occupancy by Tree swallows (TRSW) 
in agricultural landscapes of southern Quebec, Canada, 2008-2010 (n = 1200 available nest-
boxes). Thematic groups of variables include competition (C) and landscape factors (L; table 
4.). Justifications of explanatory variables are presented in table 4. AIC calculated with 
GLMM and results presented in table 6. 
Models Variables 
j year + prev.occ + int + tanks + water + cattle + 
prev.fledg.succ + dist.build.box + build.perim + num.HOSP 
2 year + prev.occ + int + tanks + water + cattle + 
prev.fledg.succ 
3 year + dist.build.box + build.perim + num.HOSP 
Themes K A AIC, 
C+L 11 0 
L 8 20.9 
C 5 603.3 
Table 6. Factors influencing the probability of nest-box occupancy by Tree swallow. 
Estimates pertain to a generalized linear mixed models (logit link function, binomial error 
distribution and farm identity as random factor) subjected to multi-model inference. 
Regression coefficients (0) are presented with their unconditional standard error (Uncond. SE) 
and 95% confidence intervals (CI). See table 4 for explanation of variables and table 5 for the 
set of models. 
Mean weighted coefficient (6) Uncond. SE Lower CI Upper CI 
year2008 1.274 0.888 -0.466 3.014 
year2009 -0.233 0.244 -0.712 0.245 
year2010 -0.193 0.361 -0.900 0.515 
prev.occ -0.206 0.257 -0.710 0.298 
int5km 0.001 0.008 -0.015 0.017 
tanks 0.137 0.126 -0.110 0.385 
water5km -0.112 0.843 -1.765 1.540 
cattle -0.005 0.008 -0.020 0.010 
prev.fledg.succ 0.210 0.090 0.034 0.385 
dist.buiId.box 0.003 0.001 0.001 0.005 
build.perim -0.013 0.180 -0.365 0.340 
num.HOSP -0.145 0.056 -0.255 -0.035 
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Distance from nest-box to closest building Maximum number of HOSP observed on a farm 
0 2 4 6 8 
Previous fledging success by TRSW 
Figure 7. Results of GLMM of the predicted probability of nest-box occupancy by Tree 
swallow (TRSW) as a function of a) distance to closest building, b) density of competitors and 
c) previous fledging success of Tree swallows; (raw data of House sparrow numbers; not 
accounting for probability of detection). Dots indicate the yearly raw occupancy of nest-
boxes. 
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DISCUSSION 
We found that landscape structure played a key role in patterns of House sparrow abundance 
and in their competition with Tree swallows. Namely, the relative amount of intensively-
managed agricultural land, the amount of building perimeter and cattle density measured 
within a 500-m radius revealed to be strong determinants of House sparrow numbers. In turn, 
House sparrow abundance affected nest-box occupancy by Tree swallows. Indeed, two of the 
three major determinants of nest-box occupancy by Tree swallows were related to the density 
of competitors: 1) proximity to buildings and 2) density of House sparrows. We conclude that 
intensive farming practices aire not affecting Tree swallows' nest use directly, but rather 
indirectly by favouring a competitive species. 
Abundance of House sparrows 
Although House sparrow numbers peaked in intensively managed landscapes with high 
building density, the effect of culture intensiveness was slightly attenuated as the building 
density increased. That suggests that building perimeter, and thus nest site availability, may be 
more limiting to House sparrows once a certain amount of intensively cultivated lands, and 
associated food resources, are available. These results corroborate many findings of strong 
associations between House sparrow and human habitation (Anderson, 2006; Lowther & Cink, 
2006; Summers-Smith, 1963, 1988). For instance, House sparrow abundance in suburban and 
recreational areas is positively related to building cover and height, and proximity to buildings 
influences their use of nest boxes (MacGregor-Fors et al., 2010; Remacha & Delgado, 2009). 
House sparrow numbers peaked in highly built areas where cattle were abundant. The 
importance of cattle as an indirect food source for farming birds is well documented and the 
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disappearance of dairy farming has affected several species, such as Barn swallows (Hirundo 
rustica; Moller, 2001), Vesper sparrow (Pooecetes gramineus), Eastern Meadowlark (Sturnela 
magna), Bobolink (Dolichonyx oryzivorus) and Red-winged blackbird (Agelaius phoeniceus; 
Jobin et al. (1996)). In this study, the presence of cattle seemed counter-intuitively more 
important in built-up areas, where we would expect greater resource availability, and thus a 
lesser necessity of cattle presence as alternative food source. This pattern may result from the 
fact that large amounts of building perimeters are usually associated with the swine industry 
that prevails in intensive farmscapes, because of the challenges in swine manure disposal, at 
the expense of dairy and cattle farming (Jobin et al., 2005). Swine manure is typically used as 
a fertilizer on corn-soy rotations, which are typical of intensively cultivated lands in our study 
area (Jobin et al. 2005), because of the excess in nitrogen content and because excessive 
application can result in phosphorous accumulations in the soil that are improper to most crop 
types (Karlen et al., 2004; Koehler et al., 2007). Contrary to cows, horses, sheep and goats, 
pigs are kept inside, which is unfavorable for House sparrows in terms of potential food 
sources such as spilled grains, scatophilous insects or undigested seeds and grains in feces. 
Furthermore, piggeries are more hermetic than other farm buildings, thus limiting potential 
nesting sites (Shrubb, 2003). Consequently, the rate of increase in House sparrow numbers 
might be greater in farms with high densities of outdoor-grazing animals, than in high built-up 
areas with indoor-kept animals, like swine. 
Analyses of House sparrow detected during point count surveys further corroborate the 
importance of buildings as a determinant of their abundance. These results show that 
individuals in our system did not fly further than 667 m from a building, consistent with 
findings from MacGregor-Fors et al. (2010), where House sparrows did not venture further 
than 609 m from a building. Furthermore, preliminary analyses of space use by breeding 
House sparrows using radio-telemetry suggest that home ranges were small, averaging 2.44 ha 
(±2.17 SD) for females and 3.02 ha ( ± 2.39 SD) for males, corresponding to a mean radius 
for both sexes of 85.6 m (± 38.5 SD) assuming circular home ranges. House sparrow home 
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ranges were mainly near farm buildings, emphasizing the preferences of House sparrows for 
nesting sites near buildings. 
Although it seems reasonable to expect higher numbers of House sparrow in intensive 
farmlands than in extensive ones based on the biology of the species (i.e. granivorous and 
associated with buildings), here we provide, to our knowledge, the first evidence of a positive 
impact of intense farming on House sparrow. Other species like Ring-billed gull (Larus 
delawarensis) and Rock dove (Columba livia) benefited from the introduction of intensive 
farming in Quebec (Jobin et al., 1996). Likewise, intensively farmed arable lands were a site 
of choice for migration stopover of Eurasian golden plover in Sweden (Lindstrom et al., 
2010). Nevertheless, most studies point to negative effects of intensive farming for House 
sparrows as for many other species (e.g. Wretenberg et al., 2007). Diverse indirect effects of 
agricultural intensification have been suggested to explain the decline of farmland House 
sparrows including: 1) lack of food resources during winter (Chace & Walsh, 2006; Hole et al., 
2002; MacLeod & Till, 2007; Newton, 2004), 2) bird-proofing of grain-storage buildings 
(Easterbrook, 1999; Newton, 2004), 3) herbicides that reduce the soil seed bank (Newton, 
2004), 4) increasing use of pesticides that reduce the availability of insect food fed to nestlings 
(Peach et al., 2004), and 5) loss of arable habitat (Robinson et al., 2001), to name a few. 
However, while there is ample evidence that agricultural intensification has reduced 
invertebrate availability on farmland (Benton et al., 2002; Donald et al., 2001; Wilson et al., 
1999), such effects are suggested to be weaker for birds feeding on ground invertebrates than 
for avian insectivores (Atkinson et al., 2004). Another potential reason for such discrepancy is 
that most of the studies on House sparrow abundance or distribution have been conducted in 
Europe, especially in Britain. In North America, House sparrows have been seldom studied. 
Continental comparisons may not be appropriate, as the intensive farming context for these 
two environments is likely to differ substantially. Finally, House sparrows may simply do the 
"best of a bad job" (Krebs & Davies, 1993) by inhabiting intensive farmland habitats, that is, 
making the best they can in non-optimal conditions. Hence, individuals may stay and 
reproduce in agro-intensive systems, regarded as habitats of questionable quality, due in part 
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by their sedentary nature limiting their dispersal, 
the habitat preferences of House sparrows and 
population dynamics. 
Further work is thus needed to fully assess 
its consequences on life-history traits and 
Nest-box occupancy by Tree swallows 
Ghilain & Belisle (2008) showed that Tree swallow clutch size and fledging success were 
reduced by intensive agricultural practices and proposed that competition with House sparrow 
could be a potential factor in declining nest-box use and lower reproductive success of Tree 
swallows in farmscapes. Using the same study system, we found that indeed, the occupancy of 
nest-boxes by Tree swallows peaked when numbers of House sparrows were low and nest-
boxes were located far from buildings. In conjunction with our results showing that House 
sparrow numbers are highest near buildings, we suggest that nesting sites situated close to 
farm structures represent a greater competition risk for Tree swallows. 
For different farmland species, agricultural intensification influenced habitat occupancy. For 
instance, Coudrain et al. (2010) illustrated that agricultural intensification influenced 
negatively the territory occupancy of Wrynecks (Jynx torquilla) by limiting nesting sites and 
food quantities. Also, the highest rate of occupancy for skylarks (Alauda arvensis L.) occurred 
in non-intensively managed areas (Chamberlain et al., 1999). Unexpectedly, in our study, the 
proportion of intensive cultures was not a determinant of Tree swallow nest-box occupancy. 
Although, the model containing landscape variable only was the least explanatory (model 2, 
table 5), it is clear that the most parsimonious model contained both competition and 
landscape variables (model 1, table 5). Therefore, even if the proportion of intensive cultures 
was not a significant factor in Tree swallow nest box occupancy after multi-model inference 
(table 6), the presence of this variable in the most explanatory model supports its importance 
in nesting site selection by swallows. In short, we suggest that a combination of landscape 
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variables (intensive cultures) and competition factors (distance to nearest building, number of 
competitors) best explains nest box occupancy by Tree swallows. 
Our results also revealed that previous nest-box fledging success was a positive determinant of 
Tree swallow occupancy. Many species of birds and mammals are faithful to natal or breeding 
sites, suggesting potential fitness benefits over dispersal (Greenwood, 1980; Greenwood & 
Harvey, 1982). For instance, birds that experienced breeding success in a nesting site are more 
likely to be philopatric than to disperse to new grounds in search of a better site. Once they 
begin breeding, Tree swallows show strong philopatry, especially when they experience high 
breeding success (Shutler & Clark, 2003; Winkler et al., 2004). Additionally, public 
information theory suggests that birds "prospect" neighbouring nesting sites to evaluate the 
quality of the habitat based on conspecifics' reproductive success, and would disperse less in 
areas where high reproductive success occurred, regardless of their own success (Doligez et 
al., 2004; Part et al., 2011; Reed et al., 1999). Therefore, our results also suggest that Tree 
swallow use information relative to their own nesting success, or their neighbour's, to identify 
potential future nesting sites. 
Landscape-mediated, nest-site competition 
Nest site competition between Tree swallows and House sparrows occurred mostly in 
intensively managed farmlands. Indeed, House sparrows were more abundant in intensive 
areas with important building density and high numbers of outside-grazing farm animals. In 
turn, Tree swallows preferred nest boxes further from buildings and where the number of 
House sparrows was low. Theory suggests that competition may be observed when the 
distribution or abundance of a species is reduced by the increase in the range or abundance of 
another species (Newton, 1998). It was also demonstrated that, competition may structure 
communities (e.g. Martin and Eadie, 1999) and could arise as consequences of landscape 
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structure alterations on the species assemblage (e.g. Holzschuh et al., 2010) or resources 
availability (Holt & Martin, 1997), and thus affect biological interactions (e.g. Tilman, 1994). 
Hence, in this Tree swallow population, we found that the competitive interactions with House 
sparrows are mediated by the indirect impact of anthropic modifications to the agricultural 
landscape. At the light of these findings, we suggest that by favouring a competing species 
(i.e. House sparrow), modern agricultural practices have influenced indirectly the reproductive 
ecology of Tree swallow by impeding its nesting site selection. To this day, very few studies 
have assessed the influence of landscape structure on competition-structured communities, 
especially in agro-intensive farmscapes. Of these studies, Holzschuh et al. (2010) showed that 
nest colonization in agricultural landscapes by cavity-nesting bees, wasps and their parasitoids 
was affected at different scales by changes in landscape structure (i.e. habitat loss, habitat 
fragmentation and reduced habitat quality), that reduces the abundance of arthropods, and 
ultimately changes trophic interactions. In forested habitats, the "nest-webs" literature also 
depicts the importance of landscape composition (e.g. types of trees, succession stage of 
forest) and configuration (e.g. orientation of habitat patches) in the highly structured 
communities of cavity nesters (Gutzwiller & Anderson, 1992; Martin et al., 2004; Martin & 
Eadie, 1999). In this regard, my work is to my knowledge, the first quantitatively-documented 
report of a landscape-mediated avian competition pressure in farmscapes. 
It is difficult to conclusively demonstrate the occurrence of competition, because the presence 
of potentially competing species is often correlated with other factors, leaving low strength of 
inference (Cooper et al., 2007), or because competition is not necessarily observable at all 
scales (Wiens, 1989). Analysing national avian databases (BBS and CBC), Wootton (1987) 
found evidence of competition between House sparrows and House finches because of the 
negative responses of House sparrow populations when House finches were present. More 
recently, Sanders et al. (2003) and McClure et al. (2011) did not find any evidence of this 
particular competition at local or regional scale. Bennett (1990) used a multi-scale approach to 
evaluate competition between House finches and House sparrows and found evidence of 
competition only at the continental scale. He emphasizes the importance of multi-scale 
evaluations as misinterpretation may arise at an irrelevant scale of investigation (Bennett, 
1990). Consistent with the prediction that segregation of competing species should be more 
apparent at a small scale (Bennett, 1990; Cody, 1974; Maurer, 1984), our results reveal 
competition pressure at local scale (i.e. near buildings) but also, regional effects through the 
agricultural gradient and thus support the multi-scale pertinence in competition investigations. 
CONCLUSION 
We showed that agricultural intensification reduced Tree swallow occupancy of nest-boxes 
indirectly by exacerbating competition with House sparrows. By acknowledging such 
landscape-mediated competitive interaction, we emphasize the need for multi-factor analyses 
in future studies. If farmland bird population declines coincide with agricultural intensification 
and competition with other species which benefit from it, we can expect a continuing decline 
of farmland biodiversity. Our results underline the importance of targeting and understanding 
the causal factors and mechanisms behind these declines to predict the impacts of farming 
practices, and potential mitigative actions, on farmland communities. 
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CONCLUSION GENERALE 
La competition pour les ressources et l'influence des modifications de la structure du paysage 
sur les processus ecologiques sont des sujets largement documentes dans la litterature 
scientifique. Cependant, ces mecanismes sont souvent etudies independamment, alors que ces 
changements sont plutot un alliage de facteurs influen^ant de fa9on synergique les dits 
processus. Dans ce memoire, l'objectif etait non seulement de comprendre les patrons 
d'abondance du Moineau domestique, mais aussi d'identifier les determinants de l'utilisation 
des nichoirs par l'Hirondelle bicolore en decouplant les effets de competition et de structure 
du paysage. En accord avec mes hypotheses, j'ai mis en evidence que la competition entre le 
moineau et l'hirondelle etait exacerbee par la structure du paysage. En effet, j'ai pu montrer 
que l'abondance du Moineau domestique et son impact sur la competition avec l'Hirondelle 
bicolore pour les sites de nidification etait etroitement lies aux modifications anthropiques des 
agro-ecosystemes. 
Comme predit, l'abondance du Moineau domestique etait fortement et positivement correlee 
aux facteurs lies aux paysages agricoles anthropiques : le couvert relatif en cultures intensives, 
la densite de batiments et de betail. En accord avec la nature synanthrope des moineaux, j'ai 
observe, tel qu'attendu, qu'ils selectionnent de maniere plus frequente les habitats ou les 
refuges et sites de nidification sont plus abondants et ce, dans les milieux offrant plus de 
ressources alimentaires, soit les habitats ou 1'homme est etablit. Par contre, mes resultats 
suggerent egalement que 1'intensification croissante des milieux agricoles pourrait 
desavantager cette espece qui est d'ailleurs en declin dans plusieurs parties de son aire de 
distribution. Du fait que l'abondance de betail et de batiments soient primee par les moineaux, 
les nouveaux etablissements agricoles industriels, principalement dedies a 1'industrie porcine, 
pourraient reduire l'interet de cet habitat, car ceux-ci conservent les animaux a l'interieur de 
batiments offrant une structure peu accommodante pour la nidification. Une etude 
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longitudinale des populations de Moineau domestique en milieu rural serait interessante pour 
comprendre de fa?on plus approfondie les patrons d'abondance de cette espece. 
Malgre que Newton (2004) doutait de 1'influence de la competition comme facteur de declins 
des populations d'oiseaux champetres, mes resultats suggerent que la competition reduit 
l'occupation des nichoirs par les hirondelles et pourrait etre en partie responsable de ces 
declins. En effet, malgre que nous n'ayons pas mesure les impacts a long-terme de cette 
occupation moindre des nichoirs en presence de competiteurs, il est possible de croire que 
cette baisse d'occupation ait comme consequence un succes reproducteur plus faible chez les 
hirondelles. De plus, il ete montre que le succes a l'envol et la taille de couvee des hirondelles 
etait reduits en milieux intensifs et que la competition interspecifique avait ete soulevee 
comme facteur probable (Ghilain & Belisle, 2008).Ultimement la competition par les 
moineaux pourrait ainsi etre liee au declin de populations de cette espece. Conjugues aux 
travaux precedents obtenus dans mon systeme d'etude (Ghilain & Belisle, 2008), mes resultats 
supportent mon hypothese de depart voulant que la competition pour les sites de nidification 
soit un determinant de l'occupation des nichoirs par les Hirondelle bicolore etant donne la 
nature competitive des Moineau domestique et le nombre limites de cavites. De fait, j'ai 
montre que l'utilisation des nichoirs par l'Hirondelle bicolore dependait de la distance aux 
batiments, refuges et sites de nidification des Moineau domestique, ainsi que determinants de 
la densite de ces derniers. La theorie suggere que la competition serait observee lorsque 
l'abondance (ou la distribution) d'une espece diminue a cause de l'augmentation de 
l'abondance (ou de la distribution) d'une autre espece (Newton, 1998). II a aussi ete montre 
que la competition pouvait structurer les communautes (e.g. Martin and Eadie, 1999) et etre la 
consequence des modifications apportees a la structure du paysage affectant ainsi 
1'assemblage des especes (e.g. Holzschuh et al., 2010), la disponibilite des ressources (e.g. 
Holt and Martin, 1997) et par le fait meme les interactions biologiques (e.g. Tilman, 1994). 
Ainsi, dans cette population d'Hirondelles bicolores, quoique nous n'ayons pas evalue 
l'abondance d'individus, nous pouvons tout de meme affirmer qu'un impact certain de la 
presence et de l'abondance de Moineaux domestiques existe, et que les modifications 
anthropiques a la structure du paysage agro-intensif influence indirectement l'abondance de 
competiteurs. Nous suggerons done qu'en favorisant une espece competitrice (i.e. le Moineau 
domestique), les pratiques agricoles modernes influencent indirectement I'ecologie de 
reproduction de 1'Hirondelle bicolore. A ce jour, seulement quelques etudes se sont penchees 
sur les populations structurees par la competition et regulees par la structure du paysage (e.g. 
Cooper et al., 2007, Martin and Eadie, 1999), en particulier en milieux agro-intensifs. A ce 
titre, mes travaux seraient done parmi les premiers a mesurer empiriquement une pression de 
competition modulee par la structure des paysages agricoles. 
Considerations futures 
Considerant la nature competitive du moineau domestique, I'ecologie de cette espece doit etre 
etudiee de fa?on plus approfondie pour comprendre les interactions biologiques 
interspecifiques dans lesquelles elle peut etre impliquee. II est essentiel de faire la lumiere sur 
la sante des populations de Moineau domestique en milieu agricole, car nous en savons encore 
tres peu sur les causes et les consequences de leur declin dans ces agro-ecosystemes. La 
selection d'habitat a fine echelle pair le Moineau domestique en milieu rural (i.e. a l'echelle du 
batiment de ferme) est peu documentee et ne nous renseigne pas sur 1'importance des nichoirs 
pour cette espece (i.e. utilisation opportuniste ou necessaire). La presente etude demontre que 
les nichoirs a proximite des batiments ont un potentiel de competition interspecifique eleve et 
une usurpation tres probable. De plus ample observations sur ces taux d'usurpations pourraient 
confirmer ces resultats. Une analyse approfondie de l'utilisation de l'espace par les 
competiteurs grace a 1'extrapolation de leurs donnees de distribution illustreraient les risques 
de competition potentiels en milieu agricole et pourrait servir a l'amenagement de 1'habitat 
artificiel de 1'Hirondelle bicolore. Compte tenus des resultats obtenus dans cette etude et dans 
une optique de conservation des especes a statut precaire en milieu agricole, nous suggerons 
d'eloigner des batiments les nichoirs destines aux telles que 1'Hirondelle bicolore. 
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En reconnaissant que les interactions competitives peuvent etre facilitees par la structure du 
paysage, j'insisterai sur 1'importance des analyses multi-factorielles pour les etudes a venir. Si 
les declins de populations aviaires coincident en effet avec les modifications anthropiques du 
paysage et avec la competition interspecifique, nous pouvons nous attendre a un declin 
persistant de la biodiversite en milieux champetres. Mes resultats suggerent fortement 
1'importance de cibler et de decoupler les facteurs causals et les mecanismes derrieres ces 
declins pour eventuellement predire les impacts des pratiques agricoles sur les communautes 
fauniques rurales. Subsequemment, ces decouvertes pourraient etre cruciales en termes de 
conservation et de strategies de gestion pour les especes liees au sein d'interactions multi-
trophiques. 
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